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HEARING ON NANOTECHNOLOGY: THE STATE
OF NANO-SCIENCE AND ITS PROSPECTS
FOR THE NEXT DECADE

TUESDAY, JUNE 22, 1999

HOUSE OF REPRESENTATIVES,
COMMITTEE ON SCIENCE,
SUBCOMMITTEE ON BASIC RESEARCH,
Washington, DC.

The Subcommittee met, pursuant to notice, at 3:00 p.m., in Room
2318, Rayburn House Office Building, Hon. Nick Smith [Chairman
of the Subcommittee] presiding.

Chairman SMITH [presiding| The Science Subcommittee on Basic
Research will come to order for the purpose of a hearing on
nanotechnology and the state of nanoscience and its prospects for
the future decades.

Today the Subcommittee is meeting to review federal funding of
research into nanotechnology, to discuss the role of the Federal
Government in supporting nanoscience research, and to discuss the
economic implications of the scientific advances made in the field
of nanotechnology.

In Fiscal Year 1999, the Federal Government will spend approxi-
mately $230 million on nanotechnology research. Eighty percent of
the funding comes from the National Science Foundation, about
$90 million; the Department of Defense; the Department of Energy.
The remaining money comes from the National Institutes of
Health, the Department of Commerce, and NASA. In addition, the
private sector has shown interest in the field of nanotechnology.
And the question that this Subcommittee hopes to answer is how
much effort should the Federal Government be putting into tax-
payer funded research in this area?

According to testimony submitted by our panelists, scientists
have already learned a great deal about how to use
nanotechnology. The best example of this is today’s biotechnology
industry. But, according to researchers, that is only the beginning.
Nanotechnology holds great promise for breakthroughs in health,
manufacturing, agriculture, energy, and national security. In fact,
some researchers state that over the next few decades,
nanotechnology will impact every aspect of our society.

Unfortunately, while progress has been made, the United States
does not dominate nanotechnology. A significant amount of re-
search is currently underway in Europe, especially Japan. In that
context, it seems to me it is appropriate that we cooperate and
keep abreast of the research being done in these other countries.
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It is also appropriate for the Subcommittee to take a good look at
the Federal Government’s role in funding nanotechnology research,
to discuss what can be done to help move this research from the
lab to the marketplace, and to discuss where nanotechnology might
be in 10, 20, 30 years from now.

I would like to thank our esteemed panelists very much for tak-
ing time out of your schedule to be here today and would ask our
Ranking Member if she has a statement at this time.

Ms. JOHNSON. Thank you, Mr. Chairman. I'm pleased to join you
today in welcoming our witnesses for this afternoon’s hearing. The
ages of civilization are designated by reference to a prominent ma-
terial that could be fashioned by the prevailing state of technology.
For example, the Stone Age, the Bronze Age, and the Iron Age.
Now we are at the threshold of an age in which materials can be
fashioned, atom by atom.

The word “revolutionary” is too overworked to have much impact
anymore, but nanotechnology, which is the subject of today’s hear-
ing, truly is revolutionary. As expressed in a recent report from the
National Research Council, the ability to control and manipulate
atoms, to observe and simulate collective phenomenon, to treat
complex material systems, and to span length scales from atoms to
our everyday experience provides opportunities that were not even
imagined a decade ago. Nanotechnology will have enormous con-
sequences for the information industry, the manufacturing of all
kinds of medicines and health. Indeed, one of our witnesses has
written that it will leave virtually no product untouched.

I congratulate the Chairman for convening this hearing so that
we may learn more about the promise of this research related to
nanotechnology and about the marvels that have been accom-
plished thus far. We are, naturally, interested in hearing the pan-
el’s assessment of the vitality of federally supported research ef-
forts in this field and we are aware that the planning activities are
underway which may lead to research in this nanotechnology in the
Administration’s Fiscal Year 2000 budget request.

The views of the panel on the value, timeliness, and appropriate
focus of such an initiative would be welcome. Again, I want to
thank you, Mr. Chairman, for calling this hearing and I appreciate
the attendance of our witnesses. Maybe in 10 years, 15 or 20 years,
we will say we had that hearing and look what it brought. Thank
you.

Chairman SMITH. Thank you, Representative Johnson. At this
time, I would like to introduce our panelists and also, for your in-
formation, your testimony will be live because it is being webcast
on our website.

First is Dr. Eugene Wong. He is the Assistant Director for Engi-
neering at the National Science Foundation. Paul McWhorter is the
Deputy Director of the Microsystems Science Technology and Com-
ponents Center at the Sandia National Laboratories. Richard
Smalley is Professor of Chemistry and Physics at Rice University
and in 1996 was awarded the Nobel Prize in Chemistry. Ralph
Merkle is a research scientist at Xerox Palo Alto Research Center.
In 1998, he and NASA scientist Stephen Walch were awarded the
Feynmann Prize in Nanotechnology. Esteemed witnesses today. We
thank you.
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It is our policy to have witnesses take the oath. If you would rise
and raise your right hand.

Do you solemnly swear that the testimony that you are about to
give is the truth, the whole truth, and nothing but the truth?

Mr. WONG. Yes.

Mr. MCWHORTER. Yes.

Mr. SMALLEY. Yes.

Mr. MERKLE. Yes.

Chairman SMITH. Let the record indicate that all witnesses have
indicated in the affirmative. And we thank you very much.

And the spoken testimony we try to limit to 5 minutes. There is
a green, yellow, and red light on the little boxes in front of you.
But all testimony that you have presented to the Committee in
writing, without objection, will be entered into the record of this
hearing. And, hearing no objection, it’s so ordered.

Dr. Wong, if you would begin.

TESTIMONY OF EUGENE WONG, ASSISTANT DIRECTOR, ENGI-
NEERING DIRECTORATE, NATIONAL SCIENCE FOUNDATION,
ARLINGTON, VA; ACCOMPANIED BY PAUL J. MC WHORTER,
DEPUTY DIRECTOR, MICROSYSTEMS SCIENCE, TECH-
NOLOGY, AND COMPONENTS CENTER, SANDIA NATIONAL
LABORATORIES, ALBUQUERQUE, NM; RICHARD E. SMALLEY,
PH.D.,, THE GENE AND NORMAN HACKERMAN PROFESSOR
OF CHEMISTRY AND PROFESSOR OF PHYSICS, RICE UNIVER-
SITY, HOUSTON, TX; AND RALPH C. MERKLE, XEROX PALO
ALTO RESEARCH CENTER, PALO ALTO, CA

TESTIMONY OF EUGENE WONG

Mr. WONG. Yes. My name is Eugene Wong and I am the Assist-
ant Director of the National Science Foundation for Engineering. I
am pleased to come before you to testify on the great opportunities
that are presented to us in the area of nanoscience and technology.

One nanometer is truly a magical point on the scale of length,
for it is at this place where the smallest man-made things meet the
natural atoms and molecules of the living world. Recent discoveries
at this scale are promising to revolutionize biology, electronics, ma-
terials, and other applications. We are seeing inventions and dis-
coveries that were unimaginable only a very short time ago. For ex-
ample, we now have materials and electronic devices that assemble
themselves and we will see an example of that in a moment and
biological motors extracted from living systems and running on
their own.

What is nanoscale? One nanometer is 1-billionth of a meter. To
get an idea of the size, we can compare some familiar things. The
diameter of an atom is about Y4 of 1 nanometer. The diameter of
a human hair, on the other hand, is 10,000 nanometers. The pro-
tein molecules, which are so important, so critical to life, are sev-
eral nanometers in size. Moving to man-made things. The smallest
devices on commercially available chips are about 200 nanometers,
whereas the smallest experimental device on experimental chips
are approximately 10 nanometers in their smallest dimension.
Nanoscale refers to dimensions that vary from a fraction of a
nanometer to tens of nanometers.
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Figure one provides a good illustration of the scale.

[Slide.]

This is an image of a pyramid of germanium atoms sitting on top
of a silicon base—silicon surface. The pyramid is about 10
nanometers across its base and only 1.5 nanometers in height.
Each round-looking object is a single germanium atom. This pyr-
amid was made at the Hewlett-Packard Laboratories and was
formed just a few seconds all by itself via a process called self-as-
sembly. Self-assembly is illustrated in figure two.

[Slide.]

Here we have a collection of actual materials that were formed
by self-assembly. They take different shapes and I think one of the
key points about self-assembly is by properly creating the environ-
ment for assembly, these molecules and atoms actually collect
themselves into the requisite shapes, as in the case of the sphere
and as in the case of the pyramid that we saw on the last—in the
last figure.

Over the last 20 years, a series of instruments were invented
that now allows us to see, manipulate, and control objects in
nanoscale. They are the eyes, fingers, and tweezers of the
nanoscale world. With these remarkable tools, a new world of dis-
covery and invention has been created. This is the world of
nanoscale science and technology.

Not every piece of nanoscale science and technology is new. Pho-
tography, for example, is a relatively old nanotechnology. Most of
molecular biology also works at nanoscale and some of it is clearly
not new. What is new and different is the degree of understanding
we are able to achieve with the new tools and the precision and
control that we are able to exert on the—on molecules and devices
at this scale. Because of the new techniques, we are witnessing
truly an explosion of revolutionary discoveries in nanoscale.

Why is nanoscale so important? First, I think the small size itself
is of critical importance. Microelectronics through successively re-
ducing the size of devices and increasing the density of devices
interconnection on chips has brought us the revolution in informa-
tion technology we see today. And I think the systematic reduction
to the nanoscale range will be just as important a development.

Second, with the ability to control and change nanoscale struc-
tures and materials, we can dramatically improve their properties
without ever changing their chemical composition. And this is a
new-found—this is a new dimension.

Third, much of molecular biology works at nanoscale. By using
the techniques of nanoscale science in biology, we gain two great
advantages: a deeper understanding of how nature works and ways
to mimic and improve upon nature. The applications of nanoscale
science and technology will lead to breakthroughs in a myriad of
applications, in information technology, advanced manufacturing,
medical care, the environment, energy generation, and national se-
curity.

While my written testimony contains several examples of poten-
tial applications in these areas, here I will just highlight a couple
of examples. The first commercial nanoscale products are already
in production. The—a magnetic rehab for disk drives with
nanoscale dimensions and based on the giant magneto-resistance
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principle is on the market today and promises to revolutionize the
computer storage market. Prototypes of memory chips using an ad-
vanced version of the same principle have also been designed and
fabricated.

[Slide.]

Figure three shows an example of these memory chips. Figure
three shows a design for nanoscale memory chips that will have
1,000 times the memory; 100,000 times in speed—and be 100,000
times in speed; and only Y10 the size of existing memory chips.

Nanotechnology can be used to dramatically improve animal and
plant genetics and better control the growing processes in agri-
culture. Nanofabrication of detector arrays provides the potential to
do thousands of simultaneous gene experiments with very small
amounts of material.

[Slide.]

Figure four shows a chip—figure four, please. Figure four is the
picture of a natural nanochip with 6,400 dots, each containing a
small amount of a different gene in the yeast genome. With this
chip, scientists can discover which genes are being activated or in-
hibited during the growing process. The application of this tech-
nology to agriculture has only begun to be appreciated.

The nanochip will allow the genes to be completely characterized,
molecule by molecule, in just a few hours. Only a short time ago,
the same experiment would have taken dozens of scientists years
to complete.

The National Science Foundation has a long history of support
for research in nanoscale science and technology. Research sup-
ported by the Mathematical and Physical Sciences Directorate has
culminated in two Nobel Prizes in the last few years. One of these
went to Dr. Richard Smalley, who is here today testifying. NSF
also funds the National Nanofabrication Users Network, which pro-
vides the primary fabrication infrastructure for chip-level
nanoscale research.

Yes.

Chairman SMITH. I apologize for interrupting, but if you would
sort of conclude in the next 30 seconds or so, we will have a lot
of time for questions.

Mr. WONG. Yes, please. Thank you.

Despite great commercial promise, the field of nanoscale science
and technology cannot advance without strong federal support be-
cause this is a basic research area in its early stages of develop-
ment. That is why we are coming before you to seek your encour-
agement and your endorsement of this important area.

Chairman SMITH. Mr. McWhorter.

TESTIMONY OF PAUL J. MC WHORTER

Mr. MCWHORTER. I am Paul McWhorter from Sandia National
Laboratories. I would like to thank the Committee for the invita-
tion to talk to you about the role of nanotechnology in the second
silicon revolution.

It is really difficult to imagine any field of science or technology
that has had a more profound impact on the last half-century than
microelectronics. The hallmark of the microelectronics industry has
been to each year provide chips that are smaller, faster, cheaper,
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and better. This has revolutionized all aspect of our lives from our
most advanced weapons systems to our toaster ovens.

The global microelectronics industry has vectored ahead based on
a very simple metric: to make transistors smaller. As transistors
become smaller, they become faster. You can pack more of them on
the chip and chips are able to store and process more information.
To date, this has been the silicon revolution.

Today we stand on the verge of a second silicon revolution. The
metrics of the second silicon revolution will be different and more
important than simply continuing to pack more transistors onto a
chip. The metrics of the second silicon revolution will be the incor-
poration of new structures, microscopic machines, on the chip
alongside the transistors, creating a whole new generation of com-
puter chip, a chip that can not only think but sense, act, and com-
municate as well. These fully functional machines have feature
sizes smaller than human red blood cells. This new capability will
have as profound of an impact on our lives over the next 30 years
as microelectronics have over the past 30 years.

The second silicon revolution has begun and a variety of commer-
cial products exist today that contain micromachines. To fully real-
ize the potential of the second silicon revolution, however, certain
scientific hurdles must be overcome. In the 1800’s, realization of
high-performance, traditional industrial machines required the de-
velopment of a fundamental understanding of the science of the
microdomain. Similarly, to effectively design, build, and operate
machines in the microdomain, we must have a fundamental under-
standing of the materials and surfaces in the nanodomain.
Nanotechnology and nanoscience will be the key elements of fully
achieving the vision of micromachines and microsystems. It will be
nanotechnology that will lead to new functions, better performance,
and higher reliability in micromachines and microsystems.

I have a very brief two-minute video I would like to show that
just describes the state-of-the-art of microtechnology to date. If you
could roll the video.

Chairman SMITH. We would note for the audience that we have
three screens: one in the middle and one in——

[Video.]

Mr. MCWHORTER. This is a picture of the world’s smallest ma-
chine in operation. This is a transmission. For size comparison, the
gear teeth that you are looking at are the size of a red blood cell.
The gear itself is the size of a grain of pollen. This transmission
is used as part of a system to increase the force that you can get
out of the microdevices.

This is a rack and pinion system that we demonstrated. Again,
built at Sandia National Laboratories. This enables us to get large
linear displacements in the microdomain.

All of these devices are built using integrated circuit fabrication
technique and they’re batch fabricated tens of thousands at a time
on a six-inch silicon wafer. Bringing these technologies together, we
create this microscopic positionable mirror with large implications
for use in the global telecommunications infrastructure. You can
see it switching an optical lasar at a very fast rate.

This is a prototype safety mechanism for a nuclear weapon that
has been developed. The purpose of this is to work on researching
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ways to continue to increase the safety of the nation’s nuclear
weapons. This device operates by it has a 24-bit code, which means
that there is less than a 1 in 16 million chance of a random occur-
rence causing this device to unlock. You can see the engine driving
the pin structure up and down inside of a maze. This is the way
the decoding function is done. There is an engine and transmission
that is moving this entire platform from the right to the left.

In order to unlock or arm the weapon, the code has to be entered
correctly. The two gears that you see on the platform have to come
and engage the other gear train in order to pop up a mirror to arm
the weapon. Remember, this entire device is microscopic in dimen-
sion and built thousands at a time.

The code’s been entered correctly. The gears here engage. That
completes the gear train and we’re able to pop up the mirror and
arm the weapon. This is just an example of the type of technology
that is available today in the microdomain.

Chairman SMITH. Now is each gear the size of a red blood cell
or

Mr. MCWHORTER. Each gear is the size of a grain of pollen.

This is just another size demonstration. This is a microscopic
dust mite that we were able to give a ride around on the outfit gear
of the microengine.

The message I would like to leave you with today is that micro-
technology is real. It is here today. But, looking towards the future,
to really realize the full potential of the microtechnology, we des-
perately need the type of capability further described in the term
nanoscience. Other people on the panel will tell you more about the
broader, longer term application of nanotechnology. What I would
like to tell you is there is a need for it today in the area of micro-
systems and there would be—in addition to the longer term appli-
cations, there would be short-term impact from this work.

Chairman SMITH. Thank you.

Dr. Smalley.

TESTIMONY OF RICHARD E. SMALLEY

Mr. SMALLEY. Mr. Chairman, I appreciate the opportunity today
to present my views on nanotechnology. There is a growing sense
in the scientific and technical community that we are about to
enter a golden new era. We are about to be able to build things
that work on the smallest possible length scales, atom by atom,
with the ultimate level of finesse. These little nano things and the
technology that assembles and manipulates them, what we call
nanotechnology, will, I am certain, revolutionize our industries and
our lives.

Everything we see around us is made of atoms, the tiny ele-
mental building blocks of matter. From stone to copper to bronze,
iron, steel, and now silicon, the major technological ages of human
kind have been defined by what these atoms can do in huge aggre-
gates, trillions upon trillions of atoms at a time, molded, shaped,
and refined as macroscopic objects. And even in our vaunted micro-
electronics of today, 1999, and our highest tech silicon computer
chip, even the smallest feature is still a mountain compared to the
size of an atom. The resultant technology of our 20th century is
fantastic, but it pales when compared to what will be possible when
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we learn to build things at the ultimate level of finesse, one atom
at a time. And if you think you have seen something now, just
wait. This next century is going to be incredible.

Nature has played the game at this level for billions of years,
building stuff with atomic precision. Every living thing is made of
cells that are chock full of nanomachines. Not quite as cute as
these we just saw, but beautiful in their own way, each of them
going about the business of life, rubbing up against one another.
Each perfect right down to the last atom. The workings are so ex-
quisite that changing the location or the identity of just a single
atom causes the machine to change, generally to damage it.

Over the past century, we have learned about the workings of
these biological nanomachines to an incredible level of detail and
the benefits of this knowledge are beginning to be felt now in medi-
cine. In the coming decades, we will certainly learn to modify and
adapt this machinery to extend both the quality and the length of
life. Biotechnology was the first nanotechnology and it has cer-
tainly a long, long way to go.

Let me give you just one personal example: cancer. As I sit before
you today, I have very little hair on my head. It fell out a few
weeks ago as a result of the chemotherapy that I have been under-
going to treat a type of non-Hodgkin’s lymphoma, the same sort
that recently killed King Hussein of Jordan. While I am very opti-
mistic, this chemotherapy, frankly, is a very blunt tool. And I am
sure most of you have personal awareness of this. It consists of
small molecules which are toxic. They kill cells in my body and al-
though they are meant to kill only the cancer cells, they kill hair
cells, too, and cause all sorts of other havoc.

Now, I'm not complaining. Twenty years ago, without even this
crude chemotherapy, I would probably already be dead. But 20
years from now, not that far in the future, I'm confident we will
no longer have to use just this blunt tool. By then, nanotechnology
will have given us specially engineered drugs which are nanoscale
and essentially cancer-seeking missiles, a molecular technology
that specifically targets just the mutant cancer cells in the human
body and leaves everything else blissfully alone.

To do this, these drug molecules will have to be big enough—
probably thousands, perhaps tens of thousands of atoms—so that
we can code information into them of where they should go and
what they should kill. They will be examples of an exquisite—a
new exquisite nanotechnology, this time human-made, a technology
of the future. I may not live to see it, but, with your help, I am
confident it will happen and cancer, at least the type that I have,
will be a thing of the past.

Powerful as it is, this bio-side of nanotechnology that works in
water in the water-based world of living things will not be able to
do everything. It cannot make things strong like steel or conduct
electricity with the speed and efficiency of copper or silicon. For
this, other nanotechnologies are being developed and will be devel-
oped in the future. It’s what I call the dry side of nanotech.

My own research these days has focused on carbon nanotubes.
Can we have my first slide? Or do I need to hit my laptop? Is it

[Slide.]
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This is a carbon nanotube. These nanotubes are an outgrowth of
the research that led to the Nobel Prize a few years ago. These
nanotubes are absolutely incredible. They are expected to produce
fibers 100 times stronger than steel, but only 6 the weight. Almost
certainly the strongest fibers that will ever be made out of any-
thing, strong enough, even to build an elevator to space. In addi-
tion, they will conduct electricity better than copper and transmit
heat better than diamond. Membrane made from the rays of these
nanotubes are expected to have revolutionary impact in the tech-
nology of rechargeable batteries and fuel cells, perhaps giving us
all-electric vehicles within the next 10 to 20 years with the per-
fmigllaélc? and range of a Corvette at a fraction the cost.

ide.

As individual nanoscale molecules, these carbon nanotubes are
unique. Just think of one at a time. They have been shown—here
you see one draped across a few electrodes. They have been shown
to be true molecular wires, to conduct electricity like copper—in
fact, even better—and have already been assembled into the first
molecular transistor ever built; with just a single molecule, a func-
tional transistor. Several decades from now, we expect to see—we
may be able to see. We don’t know yet—but it may be possible that,
within several decades, our current silicon-based microelectronics
will be supplanted by a carbon-based true nanoelectronics of vastly
greater power and scope.

It is amazing what one can do just by putting atoms where you
want them to go.

Recently an Interagency Working Group on Nano Science, Engi-
neering, and Technology has studied the field of nanotechnology in
detail and made its recommendation to OSTP on March 10 for a
new initiative in this critical area. Quoting briefly from Mike Roco,
chair of this working group:

A national initiative, entitled Nanotechnology in the 21st Century Leading to a
New Industrial Revolution is recommended as part of the Fiscal Year 2001 budget.
The initiative will support long-term nanotechnology research and development
which will lead to breakthroughs in information technology, advanced manufac-
turing, medicine, health, environment and energy, and national security. The impact
of nanotechnology on health, wealth, and lives of people will be at least the equiva-
lent of the combined influences of microelectronics, medical imaging, computer-aided
engineering, and man-made polymers developed in this century.

Mr. Chairman, honorable Congressmen, I believe it is in our na-
tion’s best interests to move boldly into this new field. Thank you.

Chairman SMITH. Dr. Smalley, exciting testimony. This is the
most—I want the witnesses to know, this is the most high-tech
Committee room that we have in the United States Congress and
we had a slight malfunction and that’s—so our screen for the mem-
bers sort of malfunctioned.

Dr. Merkle, please proceed.

TESTIMONY OF RALPH C. MERKLE

Mr. MERKLE. Thank you very much, Mr. Chairman. For cen-
turies, manufacturing methods have gotten more precise, less ex-
pensive, and more flexible. In the next few decades, we will ap-
proach the limits of these trends. The limit of precision is the abil-
ity to get every atom where we want it. The limit of low-cost is set
by the cost of the raw materials and the energy involved in manu-
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facture. The limit of flexibility is the ability to arrange atoms in all
the patterns permitted by physical law.

Most scientists agree we will approach these limits but differ
about how best to proceed, on what nanotechnology will look like,
and then how long it will take to develop. Much of this disagree-
ment is caused by the simple fact that, collectively, we have only
recently agreed that the goal is feasible and we have not yet sorted
out the issues that this creates. This process of creating a greater
shared understanding both of the goals of nanotechnology and the
routes for achieving those goals is the most important result of to-
day’s result.

Nanotechnology, or molecular nanotechnology, to refer more spe-
cifically to the goals discussed here, will let us continue the histor-
ical trends in manufacturing right up to the fundamental limits im-
posed by physical law. It will let us make remarkably powerful mo-
lecular computers. It will let us make materials over 50 times
lighter than steel or aluminum alloy, but with the same strength.
We will be able to make jets, rockets, cars, or even chairs that, by
today’s standards, would be remarkably light, strong, and inexpen-
sive. Molecular surgical tools, guided by molecular computers and
injected into the bloodstream, could find and destroy cancer cells
or invading bacteria, unclog arteries, or provide oxygen when the
circulation is impaired.

Nanotechnology will replace our entire manufacturing base with
a new, radically more precise, radically less expensive, and radi-
cally more flexible way of making products. The aim is not simply
to replace today’s computer chip-making plants, but also to replace
the assembly lines for cars, televisions, telephones, books, surgical
tools, missiles, bookcases, airplanes, tractors, and all the rest. The
objective is a pervasive change in manufacturing, a change that
will leave virtually no product untouched. Economic progress and
military readiness in the 21st century will depend fundamentally
on maintaining a competitive position in nanotechnology.

Many researchers think self-replication will be the key to
unlocking nanotechnology’s full potential, moving it from a labora-
tory curiosity able to expensively make a few small molecular ma-
chines and a relative handful of valuable products to a robust man-
ufacturing technology able to make myriads of products for the
whole planet. We know self-replication can inexpensively make
complex products with great precision. Cells are programmed by
DNA to replicate and make complex systems, including giant red-
woods, wheat, whales, birds, pumpkins, and more.

We should likewise be able to develop artificial, programmable,
self-replicating molecular machine systems, also known as assem-
blies, able to make a wide range of products from graphite, dia-
mond, and other non-biological materials. The first groups to de-
velop assemblers will have a historic window for economic, mili-
tary, and environmental impact.

Developing nanotechnology will, I think, be a major project, just
as developing nuclear weapons or lunar rockets were major
projects. We must first focus our efforts on developing two things:
the tools with which to build the first molecular machines and the
blueprints of what we are to build. This will require the cooperative
efforts of researchers across a wide range of disciplines: scanning
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probe microscopy, supramolecular chemistry, protein engineering,
self-assembly, robotics, materials science, computational chemistry,
self-replicating systems, physics, computer science, and more. This
work must focus on fundamentally new approaches and methods;
incremental or revolutionary improvements will not be sufficient.

Government funding is both appropriate and essential for several
reasons. The benefits will be pervasive across companies and the
economy. Few, if any, companies will have the resources to pursue
this alone. And the development will take many years to a few dec-
ades beyond the planning horizon of most private organizations.
We know it is possible. We know it is valuable. We should do it.

Chairman SMITH. Dr. Merkle, you still had 2 seconds to go before
you finished. [Laughter.]

It would seem to me if there was—first let me introduce my pro-
fessional staff assignee, Peter Harsha, who is just coming to work
for the Science Committee, for the Committee members and for
those in the science community that will be working with this Sub-
committee.

It seems to me, listening to the testimony, that, if there was zero
bias among you four gentleman that are offering this testimony,
that the potential for this research in terms of what it can accom-
plish for humanity as well as what its potential is for industry and
the economy is every bit as much or more than the silicon revolu-
tion. This Subcommittee will be looking closely at recommending
that we substantially increase the government effort in terms of
taxpayer dollars into this area of research as well as ways that we
might encourage the private sector and industry, that might even-
tually benefit from such research, to have an all-out effort as the
United States tries to maybe make sure that we are a lead nation.

So my first question would be how do you evaluate—can we jus-
tify that kind of effort, number one? And how do you evaluate the
United States position in terms of this research effort compared to
Japan and Europe? And we’ll just maybe each one of you, if you
could take about 35, 45 seconds and give me a quick reaction,
starting with you, Dr. Wong, and

Mr. WoNG. Well, first of all, I think the benefits are obvious and
very great and, as several of the panel members have already said.
However great it is, the horizon is too long for private investment.
But, nonetheless, any federal investment in this area will catalyze
private investment. It will greatly accelerate the pace at which the
benefits can be translated into real applications. I think the United
States is in the forefront of this new science and technology area,
but the other countries, the other developed nations, are not far be-
hind. It is an area of great focus for all the developed countries in
the world; for European countries as well as Japan.

Mr. MCWHORTER. I think this is an area that the nation must
maintain a leadership role in and in order to maintain and grow
our leadership role in nanotechnology, I think government invest-
ment is critical. What we find in these emerging areas of tech-
nology is that many times commercial companies can be risk-
averse, but when government money can come in and catalyze and
initiate an effort, then the industrial investment will follow. And
so the activities that we are talking about here would be just crit-




12

ical to catalyzing this continued growth in our leadership position
and in participation from more commercial companies.

Chairman SMITH. Dr. Smalley.

Mr. SMALLEY. Let me just add that nanotechnology of the sort
that has been talked about today is different than the major sci-
entific technological pushes the country has undergone in the past,
mostly since the Second World War and including the Manhattan
Project, in that nanotechnology is intrinsically small science and so
it is impossible to dominate the field by a huge program in a na-
tional laboratory with major facilities because it is a place where
many small laboratories are active. In fact, hundreds throughout
the world.

So we are particularly—it’s particularly possible for countries
that are not as well-funded as the United States to be major play-
ers in this area. It is a small science initiative that needs to be
treated as a big science, big technology, big impact area. Which
makes its funding difficult. I mean, you can’t say we are going to
have a $300 million program to do this one particular thing be-
cause there are many particular things to be done. And so it brings
to a focus the age-old difficulty in funding small science. Nonethe-
less, it is an area out of which, to many extents, all blessings will
flow in this next century.

Chairman SMITH. Dr. Merkle.

Mr. MERKLE. Well, I think the benefits of this technology will in-
deed be very impressive and I think we need to continue and ex-
pand the base of research which has been pursued throughout the
country to develop a better understanding at the molecular scale
and a better ability to arrange and manipulate structures at the
molecular scale.

Beyond that, I would also suggest that research in artificial self-
replicating systems would be a good thing to pursue, that this is
an area where we have, so far, had relatively modest amounts of
effort, mostly done by individuals or small groups.

Chairman SMITH. Just a follow-up question, Dr. Smalley. So does
this—is it a situation—what is our weakness in terms of aggres-
sively pursuing this research? Is it the talent of researchers that
are capable of exploring this field? Or is it simply enough money
to pay for enough grants to interest enough researchers?

Mr. SMALLEY. I believe, at the moment, our weakness is the fail-
ure so far to identify nanotechnology for what it is. It is a tremen-
dously promising new future which needs to have a flag. Somebody
has to go out and put a flag in the ground and say:
Nanotechnology, this is where we are going to go and we are going
to have a serious national initiative in this area.

Chairman SMITH. Representative Johnson.

Ms. JOHNSON. Thank you very much, Mr. Chairman. And thank
you so much for such an outstanding panel of witnesses today. I
note that two of them have a Texas base. One is a University of
Texas graduate and the other one is a researcher at Rice. And I
am delighted.

I was here when we voted down the supercollider that smashed
the atoms and I was very chagrined by that and thought that was
a mistake. And most of us here that were here during that time
thought so. The ones who didn’t think so are not here right now.
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And hopefully we won’t do that again in research, because we all
now realize the value of that kind of basic research.

Tell me a bit about how—what is our standing—I know you com-
mented on that earlier—in terms of funding this basic research?
Because it is clear to me that this is really a government responsi-
bility more than anything else. Private businesses just don’t have
the dollars nor do they feel the keen responsibility to do such basic
research, not knowing what the future might bring. Most of them
are directed toward a certain product when they are researching.
And though we know a bit about the product—you just, Dr.
Smalley, you mentioned some of the possibilities for the future that
might come, but there are other things that might come that we
don’t know about yet.

And I wonder, did we lose ground when we stopped putting as
much into basic research here several years ago? We are trying to
catch up now. And what are some of the possibilities, you think,
for the future? And how do we stand with other countries in fund-
ing our basic research?

Mr. WoONG. I think the nanoscience and technology represents an
exemplar of how basic research really pays off. I think basic re-
search in our areas have been one of the best investments the
country has ever made. And I think we have seen an example of
that. I think we have found enough in this sector to know what the
future—how brilliant the future is going to be, how bright it is
going to be.

But I think we need to continue to invest in that area. There is
a timing area. I think the particular thing about nanotechnology
and nanoscience is the timing. The timing is right for a major ad-
vance, I think, in this area because we have so many, as Dr.
Smalley has said, there are just so many things to be found, so
many things to be investigated. This is truly a wonderful area for
national investment.

Mr. MCWHORTER. I really agree with the comment about timing,
that there’s been a lot of research that’s been going on in the area
of nanotechnology. I think that research has shown much prom-
ising results to where you can start seeing a glimmer of the future
and a glimmer of what’s going to be possible. I think one of the real
opportunities with the program as you’re considering it is that
there has been a lot of research in a lot of different areas and such
a program would have the capability of unifying and providing
some vision and unification to the research that’s going on. Because
I think that, you know, the putting a man on the moon was men-
tioned earlier, that that was a single-minded goal, but many people
lined up behind. And I think that that’s one of the needs of
nanotechnology is to have the big picture goal and the national ini-
tiative to energize the people working in the area.

Mr. SMALLEY. Concerning our competitive situation vis-a-vis the
rest of the world, as you know, coming out of the Second World
War, the United States was premier in the world in the research
that was done, both from native-born researchers and from Euro-
pean researchers that came over to get away from Hitler. And in
many extents, we are running off of that wonderful time. I myself
decided to go into science when Sputnik went up. I was in high
school at the time. So that generation is passing now.
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At Rice University, for a quarter of a century, I have taught
some of the very brightest human beings I have ever met. It’s a
fantastic university, as you know. It’s amazing the fraction of them
that do not go into science. By and large science is not what Amer-
ican boys and girls do. They go into other fields and do very well
at it.

We’ve managed to get this far here at the end of the century, still
being pretty much as good as anybody, in many areas better than
most, because of our openness, because of foreign researchers com-
ing into work in our universities, and so forth. I don’t think we
should assume that will continue forever. European, Japanese,
Asian universities have embraced research in very serious ways
and, in many areas, are more than competitive with anything in
the United States. The reason for foreign nationals to come to this
country to do their Ph.D. dissertations is getting weaker and weak-
er. And one of these days it’s going to happen that we don’t do very
good research in this country because we can’t get good American
boys and girls to get into the field.

And that’s one of the reason why I emphasize this is a small
science activity. This is where we are most effective. We can have
a huge project like the superconducting supercollider that can be
worldwide premier because of the vast investment and we can sort
of capture it. But this is much more diffuse and much more sen-
sitive to the overall well-being of American science and the way it’s
perceived by youngsters. Many of these bright students don’t go
into the field because they see graduate students not getting jobs
because of the decrease in the funding for basic research. They re-
gard it as—this isn’t a serious enterprise in society.

Ms. JOHNSON. Thank you.

Mr. MERKLE. Well, I would agree with my fellow panelists that
the opportunities in nanotechnology for the next few decades are
absolutely remarkable and that it would be a great shame if we
were to walk away from this. We must pursue this. It is essential
that we pursue this in a timely fashion and, in fact, we are now
seeing the major size of the opportunity.

I think that we do, absolutely, need to pay attention to the
younger generation. One of the things that I see is e-mail which
is sent to me by students; students who send me requests asking,
I want to get into nanotechnology. What should I do? I want to get
into nanotechnology. Where are the programs? I can point them at
Rice. I can point them at a few others. I want to be able to point
them at more programs.

Students are very quick to pick up on new ideas and new tech-
nology and they have picked on this and they are very excited. We
need to provide the support and the follow-through so that they
have somewhere to go so that they can learn what needs to be
learned, so that they can participate in these programs, and so that
we can develop the technology. Thank you.

Ms. JOHNSON. Thank you very much.

Chairman SMITH. My good friend from California, Representative
Woolsey.

Ms. WoOLSEY. Thank you, Mr. Chairman. When I was reviewing
this hearing, I was thinking, well, how are these brilliant doctors
going to be able to talk about nanotechnology so that laypersons
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will understand it, so that my constituents will understand it? So
that the taxpayers will think it is a good idea that they pay taxes
and that we actually invest in microtechnology? You were great.
Thank you. Your testimonies were terrific. Dr. Smalley, you gave
me my answer.

So those are the kinds of things I think the public is going to be
asking. I believe that not only the taxpayers, not only our constitu-
ents, but also our students, future students. Young people that
come into your colleges are all ready to think of new technologies.
We need not just boys, but girls to care about science and tech-
nology.

And I think the kinds of questions they are going to be asking—
and I'm going to ask them and then I hope you’ll answer. One, does
length of life or quality of life, which, or is it both, that are going
to be affected by nanotechnology? I also think theyre going to want
to know, does self-replicating mean cloning? And, if so, what are
the ethics?

And, also, will the benefits of nanotechnology be used in peaceful
applications or are we only looking at it so we can be bigger and
better and competitive with the rest of the world? Is there a way
we can all work together, globally, to improve the challenges we
have for lack of food, health care around the globe? Because, first
of all, that’s what people in my district just north of the Golden
Gate Bridge will be asking me, Marin and Sonoma counties. And,
second of all, that’s a good way to get girls interested in science.
They have to see a real, neat, something meaningful.

So my three questions: quality of life, length of life; self-repli-
cating; and a partnership for a peaceful benefit. So in whatever
order. Dr. Merkle, you look ready.

Mr. MERKLE. Well, basically the answer to the question of will
we improve the length or the quality of life, the answer is both. I
think that as we see this technology mature, we will have a re-
markable set of medical capabilities. Disease and ill-health are
caused largely by damage at the molecular and the cellular level,
and today’s surgical tools are simply too big to deal with damage
at that level. In the future, we’ll have surgical tools that are molec-
ular, both in their size and their precision, and they will be able
to intervene directly at the level where the damage occurs and cor-
rect it. So I think that will have a remarkable impact on health
care overall and will lead to a revolution in medicine.

As far as the self-replication, it’s very much a non-biological kind
of self-replication. And to give you an analogy, if you look at cars.
Cars provide transportation, but they are very mechanical in their
design style. Horses also provide transportation and they’re very
biological. Horses can survive on sugar lumps, carrots, straw, hay,
the whole bit. A car requires a refined fuel, a single refined fuel,
such as gasoline. And it really can’t function without gas, oil
changes, spark plugs, roads to run on. It’s an artificial device. It’s
a mechanical device.

And in the kind of designs I've thought about for self-replicating
systems, they’re very mechanical. They completely lack the adapt-
ability of living systems. They are very much machine-oriented.
And the thought of them being able to function outside of a very
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carefully controlled environment is similar to a car running wild in
the woods.

As far as the broader implications for the environment, I think
that today’s manufacturing methods are often too imprecise to eco-
nomically avoid pollution. Because nanotechnology will be a very
precise manufacturing technology, it won’t pollute. As
nanotechnology replaces existing manufacturing technologies, pol-
lution from manufacturing plants will largely disappear.

Nanotechnology will also let us make inexpensive solar cells and
batteries, giving us very low-cost, clean solar power. This should
virtually eliminate the need for coal, oil, and nuclear fuels.

Ms. WOOLSEY. Dr. Smalley.

Mr. SMALLEY. Let me just pick up on this last point that Dr.
Merkle mentioned, the energy problem. Let’s suppose that halfway
through this next century, we really do have a problem with burn-
ing fossil fuels. Right now, I believe there’s really one alternative
that could really apply to the energy needs of the entire planet,
which, of course, is what you have to do if you're going to affect
things like the CO greenhouse effect, if it is a problem. And right
now that alternative is nuclear, nuclear fission, in particular, not
nuclear fusion, fission.

And while I can well imagine, I actually believe that the United
States and Europe, Japan are stable enough societies that they
could actually generate all their power by nuclear fission and pro-
vide the necessary stewardship to make the planet safe, I find it
very hard to believe that the entire planet can operate as a nuclear
power. And it is a very scary future. It would be very nice to have
an alternative to fossil fuels and an alternative to nuclear fission
that would be capable of providing energy for what will probably
be 10 billion to 15 billion people in the middle of this next century
in a way that the planet can sustain.

I believe that it’s almost certain that, if that alternative exists,
it has to be solar. But, right now, we do not have the solar tech-
nology that’s even laughably close to being able to handle, for ex-
ample, 80 percent of all the world’s energy production. And if you
don’t do 80 percent, you're not touching the problem. And if you
don’t provide energy technology that is economically cheaper than
any alternative, it won’t be adopted any way.

Where is that solar technology going to come from? Not just im-
proving solar cells, but something totally new that on a cloudy day
in New York can take most of the photons that hit some cheap col-
lector and store it in some useful form of energy, hydrogen or elec-
tric charge someplace. When you think about the physics that con-
trols that, you are rapidly led to the conclusion that the physics
that makes it possible happens within a little one nanometer cubic
box. That’s where the event occurs that the energy from a photon
becomes a stored hydrogen molecule and electron.

In fact, in photosynthesis, it’s about a one nanometer cubic space
where, at the last moment, it becomes stored energy. I don’t know
what that solar energy technology is going to be, but I bet you it’s
a nanotechnology. That’s one of the reasons why it’s so important
for us to invest in it now. It’s so broadly disseminated. It involves
so many disciplines. It is small science, thousands of laboratories.
Somehow out of that, our hopes exist that that’s where the solar
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technology comes out and we have an alternative this next century
to either burning all our fossil fuels and the negative encounter
that would come from that or to a nuclear fission power economy.

Chairman SMITH. The gentlelady’s time has expired. The gen-
tleman from Connecticut, Mr. Larson.

Mr. LARSON. Thank you, Mr. Smith. And I thank the panelists
as well for this interesting and informative discussion. The one
thing that I come away with is that all of you are absolutely sure
that nanoscience and nanotechnology is the way of the future. I
think someone used the term what we need to do is plant the flag.
One of the things that seems to work here in Washington is if
we're planting the flag we’re doing so because there’s an enemy
that we’re dealing with or a nation at risk.

I believe—and not much has been discussed with respect to
this—that on a number of technological fronts, because of advanc-
ing technology and competing nations that do not lag that far be-
hind us, that we’re in a unique position of seeing this nation leap-
frog with its own technology. Witness the individual, you know,
traveling on bicycle in Burma with a cell phone, communicating. I'd
be interested in your response to the potential for leapfrogging and
where does the scientific community come in collectively and say,
hey, wake up America. This is a real problem. Youre about to be
leapfrogged by your own technology and your own arrogance for not
having seen the opportunity to reinvest in yourself.

Whoever wants to take it.

Mr. MERKLE. Okay, well I think the potential for leapfrogging is
very great, obviously, because the basic requirements for doing re-
search in nanotechnology are relatively small. It is possible for a
relatively small organization to have a big impact. Now there are
some very interesting questions around that as to whether a small
group can effectively leapfrog a large group. I think they boil down
to understanding where you’re going and having a clear and sharp
focus. And I think if a small group had a sharp focus, it could be
very effective. Whether or not such a small group with such a
sharp focus will develop in some foreign country I really can’t say.
It’s certainly a possibility.

Mr. LARSON. You have the opportunity to make the decision
today in this country to invest X number of dollars into
nanotechnology. What would that figure be and where would you
direct its focus?

Mr. MERKLE. I think the focus would be directed towards re-
search which improved our ability to manipulate molecular struc-
ture. That would include scanning, probe microscopy, and self-as-
sembly. That would be on the experimental end. I think on the the-
oretical end, I would focus very clearly on what does a molecular
manufacturing system look like? In other words, we have been
talking about what will we be seeing in 20 years or 30 years, some-
time in the next century? What will these remarkable advances
look like?

We have computational capabilities today which will let us model
proposed molecular machines. And we could have very strong theo-
retical programs aimed at describing what this future will look like
so we have a better understanding of what it is and how best to
achieve it.
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Mr. LARSON. So help me here. As a government official, what
does the government do? Put out an RFP to our universities to say,
look, please respond, you know, to this money that we've set—how
would you go about directing that and focusing those dollars so it
gets into the hands of people that are on the cutting edge of this
technology? I mean, please help me here. I'm just

Mr. WONG. Yes, I think the National Science Foundation’s in
that business. It’'s our business to fund the most promising areas
of research. And I think we believe in betting on the people; sup-
porting the infrastructure, the research infrastructure; the univer-
sities; the highest quality peer-review process. I think these are all
important parts of the infrastructure that we have built up that
have made the basic research such a productive enterprise.

Speaking of leapfrogging, I think there are two points I'd like to
make. One is it’s easy to leapfrog in one specific aspect and that
happens all the time. But in terms of an overall paradigm shift, to
be able to really move, in a major way, in the sector, that requires
a basic infrastructure. And I have a great deal of faith in the
robustness of our infrastructure.

Mr. LARSON. How much money should the country be investing?

Mr. WoNG. The—I guess—I can tell you what we are doing now.
The NSF at the moment is spending $90 million a year in
nanoscale funds for research.

Mr. LARSON. Is that enough, Dr. Wong?

Mr. WoNG. That’s not enough, but I think you are leading me to
a dangerous place, which is to anticipate what the

Mr. LARSON. That’s our job. To lead you to dangerous places so
we can make better decisions.

Mr. WoNG. Yes. I will try to accommodate you a little bit. I think
the final budget will be issued, that the Administration is going to
work out, over the next few months, but, clearly, from my own van-
tage point, 'm eagerly advocating the cost of this very important
research.

Chairman SMITH. The gentleman’s time has expired. It’s at $230
million governmentwide, including other agencies, in addition to
the $90 million.

I think we’ll do a short second round. And, Dr. Merkle, a ques-
tion for you. How much can we expect the private sector to move
ahead with research? Some have suggested, until they see the ap-
plication within 2 to 5 years, there’s not going to be an interest in
the commercial sector to contribute to this kind of research. Give
me—guide us in terms of what Xerox is doing and what we can ex-
pect other private sectors to do.

Mr. MERKLE. Well, Xerox, as an example, is happy to have one
or perhaps Y2 a researcher working in this area, but certainly
would not pursue any larger effort unless there were some outside
source of funding. So the idea of having a 5- or 10-person group,
which is relatively modest as these things go, focus specifically on
molecular and nanotechnology is not something that would be with-
in the charter of Xerox. Similarly, I think, many other companies
are relatively limited, or if they are pursuing research, are pur-
suing research with relatively near-term goals. So the commercial
funding for long-term development is relatively modest at the cor-
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porate level. If you look at major corporations, they are not pur-
suing this as aggressively as they might.

Chairman SMITH. The testimony from all of you, though, seems
to imply that the application is in reach in a lot of areas and, if
that is true, it seems like, somehow, there’s a way to harness the
contribution, financial contribution, an effort of the private sector
as well. Does anybody have a reaction? Yes, Mr. McWhorter.

Mr. MCWHORTER. I think the private sector will invest and will
invest in a very large amount, but the issue with the private sector
is risk. And, you know, the key aspect of what the investment will
be is, you know, when will they see what the application is and
when will they see the risk being mitigated? And so I think with
a program like the NSF program that’s being described, one of the
key roles that that does is it shows the direction and it mitigates
the risk so that you can free up and realize the private sector in-
vestment.

Chairman SMITH. Dr. Smalley, you have an answer.

Mr. SMALLEY. Well, there’s a huge difference between the cir-
cumstance where you see a product in 2 to 3 years and one where
you imagine one in 10 years. In the current financial enterprise,
you can make a start-up for the first, but you'd be a fool to make
a start-up with the second, unless you’re in the biotech industry in
which case you may still be a fool.

We're certainly talking about the 10-year, 20-year time horizon.
And so, at the moment, this is primarily a responsibility of large
organizations in societies like our Federal Government. I believe
that’s really the way it ought to be. I mean, I think that American
industry has evolved in a healthy way and that they are much bet-
ter about taking care of the short-term applications where they
need to get their profits. But that devolves upon universities and
federal laboratories much more the core responsibility for taking
care of a longer-distance view.

Chairman SMITH. Dr. Wong, how would we manage a multi-
agency nanoscience initiative? Should NSF be a lead agency? Have
you done any thought on this? Has there been any talk between
the agencies that are now working——

Mr. WoNG. The NSF has been the coordinator of a major inter-
agency effort for the last few years. There’s a very active working
group going on now chaired by NSF in this area. We are prepared
to play that role. We’ve had a long history in it. We are absolutely
determined and devoted to this as a major strategic direction. Since
we are the primary funder of basic sciences and long-lead-time
projects, I think we are probably in a position to do that.

Chairman SMITH. How about our effort of being aware of the re-
search that’s being accomplished in other countries? Do we have
the—I notice we have cut way back on our science attaches even
in Japan. Do we have the proper effort to observe and keep abreast
of what’s happening in other countries? Whoever can best answer
that.

Mr. SMALLEY. Well, as an active researcher in the field, the one
thing we do most of the time is worry about what other people are
doing. And so there is a tremendous amount of scrutiny and, for
that matter, collaboration with researchers in European and Japa-
nese laboratories. So that aspect, I think, is well in hand.
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Now, broader, on the national security level, looking at programs
we may not be aware of through the published literature and at
conferences and so forth, this I'm not equipped to comment on but
it is, perhaps, something that needs to be looked at.

Chairman SMITH. Representative Woolsey.

Ms. WoOLSEY. Well, you stole my question. And I was going to
ask Dr. Wong and Dr. McWhorter about cooperation internation-
ally. So I suppose what I'd like to say—ask is how can we do a bet-
ter job of being—of partnering with other scientists around the
world so we’re not reinventing the wheel if it’s already invented
and et cetera.

Mr. WoNG. I think we’ve—over the last 15 years or 20 years—
we really have evolved a system of international competition yet co-
operation at the same time that’s extremely healthy. At the basic
science research level, there’s open publication, there’s open ex-
change. I think that’s been a tremendous boon to the whole field
and we will continue to do that.

Ms. WoOOLSEY. Mr. McWhorter.

Mr. MCWHORTER. I agree. I think this is an area that we have
done very well in. You know, we are a global community now and
it’s, you know, I think the world of scientists are much more con-
nected these days and most of the conferences are international in
nature and so there’s a lot of interaction among people from dif-
ferent countries.

Ms. WooLsEy. Well, where would it not be? I mean, when we
talk nuclear, is that a place where we wouldn’t be sharing?

Mr. WoONG. I think there are at least two areas where one has
to be very careful. One is national security issues, when national
security issues are involved, clearly we ought to be careful. And
second is when intellectual properties are involved, when the re-
search and development have moved sufficiently downstream to
have property rights. I think there we have to be careful as well
unless our commercial interests be impaired.

Ms. WOOLSEY. And is it possible to be careful enough? I mean,
if we are all working together globally would we maybe not have
to be so careful? Oh, you know where I am. I've shown my hand.

Mr. WoNG. My bias is that we can always improve, but I think
we're doing pretty well. That’s my bias.

Ms. WOOLSEY. Anybody else like to respond to that?

Mr. SMALLEY. I believe it’s much easier to render the entire proc-
ess sterile by trying to be too careful than it is to both succeed in
developing an area and make sure that you’ve kept it all to your-
self. You spend all your time trying to make sure that nobody else
gets a good idea, you shut down your own intellectual activities.

So in this area of nanotechnology where it’s tempting, in fact al-
most impossible to avoid, talking about revolutionary advances,
which will have huge economic impact and national security impli-
cations, it’s quite easy to get yourself in a conversation where
you’re saying, well, if it’s that important, let’s put it all behind a
fence and we’ll do it all ourselves and never talk to anybody. And
that would be a prescription for sterility. It would not happen in
the United States. And we would guarantee being a third-class
player in the game.

Ms. WooLSEY. Okay.
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Mr. MCWHORTER. I think that we can keep in mind the dif-
ference between nanotechnology in general versus specific, say, na-
tional security applications of nanotechnology. And in the general
case, you know, cooperation is good. And in the specific case of na-
tional security, secrecy and confidentiality is critical. And so there
would be applications that, maybe at a national lab, where, you
know, we wouldn’t talk about the work. And so, you know, the na-
tional security issue is a very important one.

Mr. MERKLE. Yes, I think, actually, I would agree with the gen-
eral comments. One of the observations is that an international co-
operative effort where we are very closely involved with research-
ers in other countries is also a very good way of monitoring their
activities so that we are not caught by surprise.

Ms. WooLSEY. Thank you.

Chairman SMITH. Mr. Larson.

Mr. LARSON. Thank you again, Chairman Smith. And, again, my
appreciation. Just a quick two questions. One will be very simple
to answer, but the—in the President’s proposed information tech-
nology initiative, it includes the acquisition of the terascale com-
puting system for addressing challenging scientific computing prob-
lems. What would be the impact of that level of computational
power on nanotechnology research?

Mr. SMALLEY. It’s vast. The key aspect of nanotechnology is
you’re now dealing at the fundamental, ultimate level where you
know where all the atoms are. That instantly makes it a funda-
mental science. So if you know where the atoms are, you can say,
okay, how does it behave? And it becomes a calculatable problem.
Well, not calculatable with the computers of a couple decades ago,
but, interesting, calculatable now with these new incredible com-
puters.

And I can tell you from my own research as we try to build these
cables that are 100 times stronger than steel and so forth, every
day there are questions: well, how can we make this work? And
we’ll think up some way. It'll take us months to see whether it
works. And we do calculations to see whether it’s feasible. And
those calculations are now becoming much, much more relevant
and much more fundamental.

It’s a wonderful aspect about nanotechnology that hasn’t been
mentioned today so far is that it is simultaneously deep, funda-
mental true science of the true ivory tower sort and yet commer-
cially, in some cases immediately, financially interesting. By and
large the reason that biotechnology has a special flavor is that it
is a nanotechnology. That you know where all the atoms are. You
can calculate it. And yet you're dealing with some little nano object
that suddenly has a commercial importance as a drug. And so you
will find researchers in biotech industries, completely privately
funded, doing research that would fit perfectly in a biochemistry
department in a university and visa-versa. There’s this immediacy
between the ivory tower pure scientist and the technologist.

In the rest of science, by and large, that’s not been the case. The
pure scientists are dealing with problems and techniques that are
pretty far from the commercial realm, with a few exceptions. But
in nanotechnology, they will get much more together. So it will
have the effect of vitalizing the American scientific establishment
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by getting the scientist at the most fundamental levels involved in
objects of societal and commercial importance.

Mr. LARSON. What are the top 10 universities in this country
dealing with this technology?

Mr. SMALLEY. Well, Rice University, clearly, is number one.
[Laughter.]

By and large, they are the top 10 that you always hear men-
tioned, although since the 1960’s and the 1970’s, the strength of re-
search in this country has broadened out dramatically from the
Harvard and MIT, Cal Tech, Princeton, Yale. But those names still
are up high on the list, for good reasons.

Mr. WONG. Let me mention, if I may, a topic that hasn’t been
raised—bioinformatics. It’s a subject that’s very closely connected
with nanotechnology. And bioinformatics lives on terascale com-
puters. And the computation involving the shape of molecules and
their functions is a critical part of bioinformatics. And it’s probably
the most exciting part of biotechnology today.

Mr. LARSON. And, Dr. Merkle, you’ve made the distinction a cou-
ple of times here, at least—and for a non-scientist, forgive me—but
you keep—when we say nanotechnology, you make a point to say
molecular nanotechnology.

Mr. MERKLE. Well, I think there is the idea that we’ll be able to
build a wide arrangement of molecular structures. And, in par-
ticular, one of the things which, of course, I've mentioned a few
times is that artificial self-replicating systems will play an impor-
tant role. This is an idea which I think is gaining acceptance, but
is not yet fully accepted throughout the scientific community, and
so I want to just say that this is an area where there are some dif-
ferences in opinion about the particular routes to follow, but, none-
theless, agreement about the overall goals and objectives that we
should be able to build, essentially, most of the structures that are
consistent with physical law.

Mr. LARSON. Thank you, sir.

Chairman SMITH. Gentlemen, on behalf of the Committee, the
Congress, the Nation, our compliments to you for what you have
achieved so far. I think all of us that have heard your testimony
today and will read your testimony in the transcript are going to
be the flag bearers because it seems obvious that the information—
there’s enough information and enough justification to aggressively
pursue additional research in this area. I mean, it might not cul-
minate in what we would hope it would, but it seems obvious that
the justification is there and it’s a worthwhile pursuit and I think
we will aggressively pursue that as we proceed with our new ap-
propriations.

So, again, my thanks. My compliments. We would like to ask
your permission to send you additional questions. One question I
would like you to answer for us, if you will, is how do we best de-
vise the kind of peer-review process that is going to help us best
assure that the taxpayers’ dollars is best spent? So if you’ll include
that in your responses.

Chairman SMITH. So, again, thank you very much and this Com-
mittee is adjourned.

[Whereupon, at 4:20 p.m., the Subcommittee was adjourned.]
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APPENDIX 1: Opening Statements
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THE HONORABLE NICK SMITH
CHAIRMAN, SUBCOMMITTEE ON BASIC RESEARCH

OPENING STATEMENT
HEARING ON
Nanotechnology: The State of Nano-Science and Its Prospects for the Next Decade
June 22, 1999

Today, the Subcommittee is meeting to review federal funding of research into nanotechnology,
to discuss the role of the federal government in supporting nano-science research, and to discuss
the economic implications of scientific advances made in the field of nanotechnology.

In Fiscal Year 1999, the federal government will spend approximately $230 million on
nanotechnology research. Eighty percent of the funding comes from the National Science
Foundation, the Department of Defense and the Department of Energy. The remaining money
comes from the National Institutes of Health, the Department of Commerce, and NASA. In
addition, the private scctor has shown interest in the field of nanotechnology.

According to testimony submitted by our panelists, scientists have already learned a great deal
about how to use nanotechnology. The best example of this is today’s biotechnology industry.
But according to researchers, that is only the beginning. Nanotechnology holds great promise for
breakthroughs in health, manufacturing, agriculture, energy use, and national security. In fact,
some researchers state that over the next few decades, nanotechnlogy will impact every aspect of
our society.

Unfortunately, while progress has been made, the United States does not dominate
nanotechnology research. A significant amount of research is currently underway in Europe and
in Japan.

In that context, it is appropriate for the Subcommittee to take a good look at the federal
government’s role in funding nanotechnology research, to discuss what can be done to help move
this research from the lab to the marketplace, and to discuss where nanotechnology might be in
ten, twenty or thirty years from now.

I would like to thank our panelists for appearing before the Subcommittee today, and I look
forward to hearing their testimony.
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OPENING STATEMENT
HEARING ON
NANQTECHNOLOGY: STATE OF NANO-SCIENCE AND ITS PROSPECTS FOR
THE NEXT DECADE
BY
THE HONORABLE EDDIE BERNICE JOHNSON (D-TX)

June 22, 1999
1 am pleased to join the Chairman in welcoming our witnesses to this afternoon’s hearing.

The ages of civilization are often designated by reference to a prominent material that
could be fashioned by the prevailing state of technology: for example, the stone age, the bronze
age, and the iron age. Now, we are at the threshold of an age in which materials can be fashioned

atom-by-atom.

The word “revolutionary” is too overworked to have much impact anymore. But
nanotechnology, which is the subject of today’s hearing, truly is revolutionary. As expressed in a
recent report from the National Research Council, “the ability to control and manipulate atoms, to
observe and simulate collective phenomena, to treat complex materials systems, and to span
length scales from atoms to our everyday experience, provides opportunities that were not even

imagined a decade ago”.

Nanotechnology will have enormous consequences for the information industry,
manufacturing of all kinds, and medicine and health. Indeed, one of our witnesses has written that

it will leave virtually no product untouched.

i congrétulate the Chairman for convening this hearing so that we may learn more about
the promise of research related to nanotechnology and about the marvels that have been

accomplished thus far.

We are naturally interested in hearing the panel’s assessment of the vitality of federally
supported research efforts in this field. We are aware that planning activities are underway which

may lead to a research initiative on nanotechnology in the Administration’s fiscal year 2001
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budget request. The views of the panel on the value, timeliness, and appropriate focus of such an

initiative would be welcome.

Again, [ want to thank the Chairman for calling this hearing. I appreciate the attendance

of our witnesses today, and I look forward to our discussion.
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n Nanotechn : tate of Nano-Scien

Its Prospects for the Next Decade

House Science Subcommittee on Basic Research
June 22, 1999

Mr. Chairman, I’m pleased we’re here today to look at the fascinating
possibilities of “nanotechnology.” It’s hard to imagine building tools or
materials that are ten times the size of an atom, but it’s a symbol of how

large vision can create such small technology.

Nanotechnology can take us to new levels in learning, building and
healing. For example, we can creéte new materials that are lighter and
stronger than anything we’ve ever known. This can help with building
lightweight materials to make space travel economical, efficient and

accessible to anyone with a sense of adventure.

Through nanotechnology, we can also make medicine unbelievably

precise. The sharpest scalpel would seem a very blunt instrument when

1
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we can treat patients at the cellular level without damaging tissue.

We can also improve learning through nanotechnology. These
advancements can help develop transistors that improve computer

technology by a million-fold while using less energy.

These are three examples of why I am glad the Clinton Administration is
looking at developing a nanotechnology research initiative as part of the
FY 2001 budget request. It is important that we maintain a competitive
edge in such important technology, and we need the funding to lead this
crucial research. Because I fear that if the United States won’t, our

international competitors will:

I look forward to hearing from our witnesses about the effects of
nanotechnology-related research on our economy and the well being of

society. Thank you, Mr. Chairman.
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APPENDIX 2: Written testimony, Biographies, Financial
Disclosures, and Answers to Post-Hearing Questions
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Nanoscale Science and Technology: Oppertunities for the Twenty First Century
Subcommittee on Basic Research,
Committee on Science
U.S. House of Representatives
Eugene Wong, Assistant Director for Engineering

Nati 1 Qi K, dati
) r

June 22, 1999

Mr. Chairman and Members of the Subcommittee:

My naine is Eugene Wong and | am the Assistant Director of the National Science Foundation for
Engineering. I am pleased to have the opportunity to testify before you on the very great opportunities that
are presented to us in the area of nanoscale science and technology.

What is nanoscale?

One nanometer is one biilionth of a meter. It is a magical point on the scale of length, for this is the point
where the smallest man-made devices meet the atoms and molecules of the natural world. To get an idea of
the scale, we can compare the lengths of some familiar things. The diameter of an atom is about one quarter
of a nanometer. The diameter of human hair is about 10,000 nanometers. The smallest experimental
electronic devices that have been made are about ten nanometers in their smallest dimension. The smallest

devices on commercially available chips are about 200 s. Protein molecules, which are so critical
to living things, are several s in size. Ne le refers to di ions that vary from a fraction of
a to tens of s,

Figure 1 provides a good illustration of the scale. This is a scanning tunneling microscope image of a
pyramid of germanium atoms on top of a silicon surface. The pyramid is ten nanometers across at the base,
and it is actually only 1.5 nanometer 1all. Each round-fooking object in the image is actually an individual
germanium atom. The pyramid obtained by Stanley Williams at the Hewlett-Packard Labs was formed in
just a few seconds all by itself via a process called self-assembly, which is illustrated in Figure 2.

Over the last twenty years, a series of instruments were invented that now allow us to see, manipulate, and
contro] objects at nanoscale. They are the eyes, fingers and tweezers of the nanoscale world. With these
tools, a new world of discovery and invention has been created. This is the world of nanoscale science and
technology.

What is new?

Nanoscale phenomena and objects have been around for some time. Catalysts, for example, are mostly
nanoscale particles, and catalysis is a nanoscale phenomenon. Photography is another example of nanoscale
technology. Most of molecular biclogy works at nanoscale. What is new and different now is the degree of
understanding and deliberate control and precision that the new nanoscale techniques afford. Instead of
discovering new phenomena by accident or by random search, we can look for them systematically. Instead
of finding nanoscale particles and structures with good properties through serendipity, we now seek 1o
design them to order. Funhermore, novel structures and fundamentally new properties and processes can
be obtained. We are w 3 an explosion of revolutionary discoveries at nanoscale.

Why are fe ph and technigues so important?

First, the small size itself is of great potential benefit. The creation of modern information technology, for
ple, was made possible by systematically reducing the size of devices on a chip, thereby increasing

the processing capablhty of asingle chip. Composites are mixtures of particles of dlffcrem types. Because

nanoscale particles have large surface-to-volume ratios, posites made of particles can berter

tetain the best properties of their constituents.
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Second, with the ability to control and alter nanoscale structures of materials we can often improve or
profoundly change the properties and phi in materials without changing their chemical
composition. That is, the same molecules are present, but their physical arrangement is changed.
Furthermore, high performance devices can be built that were not possible before.

Third, much of molecular biology works at nanoscale. By using the techniques of nanoscale science in
biology, we gain two great advantages, a deeper understanding of how nature works and ways to improve
upon nature. Self-assembly, for example, is an important biological phenomenon. Understanding it affords
the possibility of making inorganic things through self-assembly, as we have already seen in the
germanium/silicon example in Figure 2. At the same time, applying the new found techniques of
manipulating molecules affords the possibility for gene and drug delivery by directly moving molecules:
into cells.

Multx‘scale assemb}y and integration are critical to afl functional systems, living and man-made. The
! ics and bxology are different, yet both powetﬁxi The lesson from electronics is a
top»down dzsngn that d ically limits the i in plexity when density of devices and
interconnection increases. The lesson of biology is the power of seif-assembly. Nanoscale science and
hnology hold the promise of combining the best of both, working both top-down and bottom-up, in
producing systems of unprecedented power and elegant simplicity.

What are the applications?

The applications of nanoscale science and technology will lead to breakthroughs in information technology,
advanced manufactwring, medicine and health, environment and energy, and national security. Some of
these are as follows:

Materials and Manufacturing )
Several possibilities for making précisely engineered materials through nanotechnology are immediate.
These include new materials with vastly improved strength and wear ck istics, better catalysts for

the chemical industry, new drugs and food products, and new materials for electronics and information
technology.

Electronics
Electronics will be profoundly changed bynmotectmohgy in many ways. The invention of mtegra:ed
circuits in the early sixties brought forth a technology that has proved to be the most scalable ever

invented. The basic concept of “printing” circuits on a silicon base has continued 1o work as the density
of devices increased from a few transistors on a chip to ten million transistors on a chip. However, the
physical limits of the technology will soon be reached, and a new world of nanoelectronics will need to
be invented.

The first jal le products are already in production. A magnetic read-head (which reads
information from a hard disk} of nanoscale dimensions based on the GMR (giant magneto-resistance)
principle is on the market and promises to revolutionize the computer storage markes. Prototypes of
memory chips using an advanced version of GMR (TMR — tunneling magneto-resistance) have also
been designed and fabricated. Figure 3 shows that the future magnetic random access memory chips
will outperform by orders of magnitude the memory (~ 1000), response time (~ 100000), and size (~
1/10) the chip built with the current technology in a business of $100B/year.

The basic techniques of microelectronics are being extended to a great variety of non-electronic
applications. These include gene sequencing, DNA matching, combinatorial chemistry, micro-
mechanical devices, optical and sensor chips, and hybrids invelving ¢lectronics with any combination of
the above. In all these applications, the techniques of nanotechnology are indispensable. For example,
how does one place different chemicals in a million cells on a chip? The answer will have to come from
nanotechnology.

Medicine and Health

Nanotechnology is so intimately associated with molecular biology that its potential application in this
area isall pervasive. We have already mentioned better drug design and better drug and gene delivery.
We have also discussed chip technology in biological and medical applications. Hybrid systems
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involving both living and artificial components such as synthetic tissues and organs for placement in
cells are yet another possibility.

Biotechnology and Agriculture

The molecular building blocks of life - proteins, nucleic acids, lipids, carbohydrates and their non-
biological mimics - are examples of materials that possess unique properties determined by their size,
folding and patterns at the nanoscale. Imitation of biological systems provides a major arca of research
in several disciplines. For example, the active area of bio-mimetic chemistry is based on this approach.

Nanotechnology can be applied for improving animal and plant genetics, better control of the growing
processes and use of chemicals for agriculture. Nanofabrication of detector arrays provides the potential
to do thousands of experiments for simultaneous gene characterization and selection with very small
amounts of material. Figure 4 is of a chip with 6400 nanodots, each containing a small amount of a
different gene in the yeast genome - and each representing a nanodetector capable of determining the
amount of that gene being cxpressed by the yeast. The same experiment can now be performed with
tens of thousands of genes. and by comparing the gene expression, scientists can discover which few
genes are being activated or inhibited during growing process or disease. With the prospect of having in
hand complete genome seq including the model plants, this information is critical to determine
what genes will determine an improved production and when a plant is exposed to salt or drought stress.
The application of this technology to agriculture has only begun to be appreciated. The nano-chip will
allow the genes to be completely characterized molecule by molecule in just a few hours. Five years
ago this same experiment would have taken dozens of scientists years to complete.

Automotive industry

Various applications are nanoparticle reinforced polymers and tires, resistant paintings, fire-resistant
plastics. and increased efficiency of combustion. Figure 5 shows A ‘nano’ network of polymer strings
formed between nanoparticles that increases the material strength and its melting temperature. Several
companies are developing practical synthesis and manufacturing technologies to enable the use of new
high-performance, low-weight "nanocomposite™ materials in automobiles. Proposed applications would
save 1.5 billion liters of gasoline over the life of one year's production of vehicles and reduce related
carbon dioxide emissions by more than 5 billion kilograms.

Energy technologies

New types of battcrics, artificial photosynthesis for clcan cnergy, quantum solar cells, safe storage of
hydrogen for use as a clean fuel and savings using energy efficient processes are a few of the potential
applications.

Environment

Selective membranes that can filter contaminants, nanostructured traps for removing pollutants from
industrial effluents, improved control emissions from a wide range of sources, understanding the effects
of | in env on biodiversity and health, and maintaining industrial
sustamablhty by significant reduction of materials and energy use, are only a few of the opportunities.

National Security

Detectors and detoxifiers of chemical and biological agents, continued information dominance,
nanostructured electronics, camouflage materials, light and self-repairing textiles, use of uninhabited
combat vehicles and miniaturized surveillance systems are several of critical defense apphcauons that
will depend on nanotechnology Figure 6 ill the develop of new, s based
on bling of particles coated with DNA when the targeted bio-agent is present. Such
detection was not possible before in the field.

Research Opportunities

The following areas of investigation were identified during a workshop convened by the Interagency
Working Group on N le Sci and Technology and held during January 1999:
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«  Long-term nano sci and engineering r h that will lead to fundamental understanding
and to discoveries of novel ph p experi | and simulation tools for
nanotechnology.

«  Synthesis and processing "by design” of engineered, nanometer-size, material building blocks
and system components, fully exploiting self organization, patterning and other advanced
concepts. Accel the application of multiscale modeling and high-performance computation
to the prediction of nanostructured properties and phenomena and materials by design

3

- Nanodevice concepts and system i T h to best exploit their properties in
operational systems, and combining building-up of ) with
uitraminiaturization.

- Application of nanostructured materials and systems to manufacturing, power systems, energy,
environment, national security, and health. Develop core enabling technologies such as
fund i lecular scale and ipulation ‘ools and standard methods,
materials, and data that will be applied to many commercial sectors;

«  Educate and train a new generation of skilled workers in the multidisciplinary perspectives
necessary for rapid progress in nanotechnology;

The Federal Role, Past and Future

Nanoscale science and technology were born of basic research, much of it funded through federal support.
The Nationai Science Foundanon has a long history of support for research into the fundamental physical, '
chemical and materials prop of le systems. This support has culminated in Nobel prizes
in 1996 to Robert Curl, Rxchard Smatlley and Harold Kroto for discovery of buckyballs (C60) and in 1998
to Robert Laughlin, Horst Stdrmer and Daniel Tsui for the discovery and explanation of the fractional
quantum Hall effect.

The National Sci Foundation also funds the National Nanofbrication User Network (NNUN) the
primary infrastructure for chip-level nano-fabrication research Through its recent initiatives “Functional
Nanostructures,™ XYZ on a Chip” and “Ni le Biotechnology,™ it is spearheading Y
technology activities in these important areas.

NSF has also played a lead role in coordinating interagency efforts in this area. Dr. M.C. Roco of NSF
chairs the Interagency Working Group on Nanoscale Science and Technology, which operates under the
auspices of the National Science and Technology Council through its Commitiee on Technology.

r

Despite its great commercial promise, the field of Ie sci and technology cannot
without federal support and cannot fulfill its promise in a timely way without a substantial increase in
federal funding. This is so b so ruch of the work that is needed is fundamental research.
Furthermore, even the work with targeted applications has a long lead-time. In the current competitive
climate private sector investment will fall far short of what is needed and a strong federal role will be
necessary for the field to advance, and to advance in a timely way.

The current NSF funding is this area is approximately $90 million a year and the total funding among all
agencies for FY’99 is estimated to be $240 million.

Through its role in funding research, NSF will also achieve two additional major objectives. First, the
funding will catalyze private spending from industry. Second, because nearly all of NSF’s funding goes to
universities and because of NSF’s emphasis on the integration of education with research, education in this
area will benefit. Indeed, without the NSF role, it is unlikely that the trained manpower needed for this field
will be available.

Nanoscale science and technology represent a major opportunity for the nation. It is a strategic area for
NSF and we seek your encouragement and support.
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Lab-on-a-Chip with 6400 Nanocdots

P. Brown at Stanford University
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Colorimetric sensor that can selectively

detect biological agent DNA
( NRL/ DOD)

¢ In commercial development with successful tests
against anthrax and tuberculosis

e Compared to present technology, the sensoris
simpler, less expensive (about 10 times) and much
more selective (can differentiate one nucleotide
mismatch in a sequence of 24)

Probe 1

m") k¢
— x

Anthrax Target

No Anthrax Target Present

Anthrax Target Present
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NATIONAL SCIENCE FOUNDATION
4201 WILSCN BOULEVARD
ARLINGTON, VIRGINIA 22230

EUGENE WONG
ASSISTANT DIRECTOR FOR ENGINEERING

Dr. Wong was appointed to the position of Assistant Director for
Engineering, at the National Science Foundation, on June 15, 1898.

Dr. Wong comes to the Foundation from the University of California,
Berkeley and from Vision Software Tools, Inc. where he is Chief Scientist
and a member of its Board. He has contributed extensively to research on
stochastic processes in control and communication systems and was a
pioneering researcher in database management systems. He was chairman
of the Department of Electrical Engineering and Computer Sciences at
Berkeley (1985-1989), Associate Director of the White House Office of
Science and Technology Policy (1990-1993), a founder of INGRES
Corporation (1980-90) and Vice President for Research and Development at
Hong Kong University of Science and Technology (1994-1996).

Dr. Wong did his undergraduate and graduate work in electricat engineering
at Princeton University and then continued his studies as an NSF
Postdoctoral Fellow at Cambridge University. He is a member and Councilor
of the National Academy of Engineering and a Fellow of the Institute of
Electrical and Eiectronics Engineering.
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COMMITTEE ON SCIENCE
U.S. HOUSE OF REPRESENTATIVES
SUBCOMMITTEE ON BASIC RESEARCH

HEARING ON
Nanotechnology: The State of Nano-Science and Its Prospects for the Next Decade
RESPONSES TO FOLLOW-UP QUESTIONS

Dr. Eugene Wong
Assistant Director, Engineering Directorate

National Science Foundation

QUESTION 1: Several agencies have been working on the development of a new research
initiative on nanotechnology for the FY 2001 budget request. The recommendation is to
double current funding levels over three years.

QUESTION 1.1: What are the principal justifications for such an initiative?

ANSWER: The FY2001 budget request is currently under development. Although
nanotechnology is an important topic, it is not yet clear whether there will be a new
research initiative. If there is an initiative, I think there will be at least three major
justifications:  First, nanotechnology represents an extraordinary opportunity, one that
cannot be fully realized without a significant increase in R&D investment. The essence
of nanotechnology is the ability to work at the molecular level atom by atom. Acquiring
this ability has profoundly changed the vision in every one of the major technology areas:
materials, electronics, biotechnology, and information technology. Science fiction has
become science reality. The potential to transform nearly every aspect of human
existence is almost without parallel.

Second, the field is ripe for accelerated advances in both discovery and major
applications. This point will be expanded in response to the question on “timeliness.”

Third, the exciting promise of nanotechnology will not be realized without major federal
support. This is so for a number of reasons. The tools of nanotechnology are necessarily
ones of utmost sophistication. Sharply focused beams of light, electrons, atoms and
molecules represent the principal agents of manipulation and control. Instruments that
produce and control such beams are sophisticated and expensive. Nanotechnology is in
early-stage research so that it is difficult to predict the pace of commercialization. In
addition, there is a limited pool of trained people in nanotechnologyso that substantial
investment in education will have to be made. These factors render it likely that there
will be substantial under-investment by the private sector, at least initially.

QUESTION 1.2: Why is this timely?
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ANSWER: The initial discovery of nanoscale techniques has been followed by a fifteen-
year period of fundamental discoveries and tool development. We are seeing a veritable
explosion of major discoveries. One indication is the fact that three Nobel Prize awards
in the past five years were related to nanoscale science and technology, two directly.
This is a clear indication that the time is ripe for a significant step-up in investment.
Another reason why timing is right is related to developments in microelectronics. The
incredible scalability of the integrated circuit technology is finally reaching its limit. To
extend “Moore’s Law” beyond its sixteen or seventeen cycles of doubling will require a
new underpinning technology. Nanotechnology promises to do exactly that. Further, the
“micro chip” technology is being extended with great effectiveness to a myriad of non-
electronic applications such as genomics, biology, chemistry, sensors and mechanics. In
nearly all these cases, the tools and devices of nanotechnology are being used, and more
are needed.

QUESTION 1.3: What is the evidence that research ideas are significantly exceeding
research support levels?

ANSWER: One piece of direct evidence is the response to the NSF program initiatives in
this area. For example, only 13% of the proposals received in response to the 1998 NSF
wide initiative on “functional nanostructures” were funded although 77% were rated as
very good or excellent. This success rate would have been even lower if a limit of two
proposals per university had not been imposed. A related NSF initiative “XYZ on a
Chip” brought forth some 350 proposals of which only 20 are being funded.

The success rate provides only the most obvious evidence that research ideas are
exceeding the research support levels. Other indicators are easy to find. First, the initial
commercializations of research in nanotechnology are receiving enthusiastic market
response. There is every indication that an accelerated investment in research will bring
early and handsome returns, Second, some major facilities in microfabrication are
quickly converting into nano facilities. This is true, for example, of the NSF micro-
fabrication center at Cornell, which is now an anchor of the National Nanofabrication
User Network (NNUN). Some members of the same team at Cornell have recently won a
NSF competition to establish a Science and Technology Center on Nanoscale
Biotechnology. The growth of these facilities will generate more ideas and fuel the
demand for funding, Third, we see a significant increase in the number of academic
departments that are building progrars in nanotechnology. This will quickly lead to an
accelerated increase of trained researchers and productive ideas. We have every reason
10 believe that ideas are outstripping the funding and that the situation will get worse, not
better.

QUESTION 1.4: What are the main research opportunities that ought to be
addressed?

ANSWER: Although this is a field with exciting promises of application, the major
research opportunities are in long-term fundamental rescarch that will lead to discovery
of novel phenomena, processes and tools. New experimental and simulation tools



43

probing the matter at nanoscale have fueled an explosion of fundamental discoveries at
the molecular level. New discoveries are expected to lead to fundamentally new
technologies.  Paradigm changes are foreseen in the next 10-20 years in new
nanoelectronic devices, systematic control of nanostructured materials, new targeted drug
and gene delivery systems, to name the most evident. The research is crosscutting
essential aspects of manufacturing, quality of life, environment and national security.

QUESTION 1.5: How would a multi-agency nanoscience initiative be managed? Of
the participating agencies, which would be the “lead” agency?

ANSWER: The field of nanoscale science and technology has enjoyed a high degree of
cooperation among the federal agencies. Under the auspices of the National Science and
Technology Council and through its Committee on Technology, an active Interagency
Working Group on Nanotechnology (IWGN) has functioned effectively for about a year.
Given this history, it is likely that IWGN will form the core management team for the
initiative. There will be a high degree of coordination in program and budget planning,
and an equally high degree of coordination in execution, but there will also be a
considerable freedom of individual decision-making in implementing agency missions
and objectives. Over the past decade, we have seen a number of interagency federal
science and technology initiatives launched and implemented. These will provide models
and lessons in management for this initiative.

NSF has had a successful history in this emerging area. NSF is active in convening
workshops to identify critical areas, formulating thematic foci through its program
initiatives, promoting industry-university collaboration, and organizing coordination
among federal agencies. These efforts led to the formation of the interagency working
group IWGN and NSF currently chairs it. For the new initiative, both intellectual
leadership and leadership in achieving a high degree of synergy among all participants,
both government and private, will be required. NSF is prepared to accept any appropriate
leadership role that it is called on to assume.

QUESTION 2: What are the fields in which we will see the most significant applications of
nanotechnology and in what time frame do you predict we will see the full benefits?

ANSWER: The three principal categories of application are nanostructured materials,
nanoelectronics together with its applications in information technology, and nanoscale
biotechnology.

The fields most likely to benefit in the medium term (5-10 years) are computing and
comimunication; pharmaceutical and medical devices; nanoparticles for colorants, sintering,
catalysts, biochemical detection; various coatings for mechanical, optical, thermal, electric and
magnetic effects; and nanostructured metals, ceramic and polymeric materials. The full benefits
over the longer term (10-20 years) will significantly alter these fields, likely generate new
industries, and impact many other areas such as the environment and space exploration.
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QUESTION 3: What other nations have significant research programs on nanotechnology
and how do they rank relative to the US? Are their particular subfields in which other
countries are more advanced than the US?

ANSWER: Various components of nanotechnology had their origin in Europe, Japan, and the
US, so it should come as no surprise that Japan and the European countries are active in this
field. Focused research programs on nanotechnology have been initiated in almost all
industrialized countries in the last five years. The survey made in 1997 by the World
Technology Evaluation Center with participation of seven US agencies showed that US, Europe
and Japan had made about the same annual government R&D investment of approximately
$120M. Currently, the US has a lead in synthesis, chemicals, and biological aspects; Japan has
an advantage in nanodevices and consolidated nanostructures; and Europe is strong in
dispersions, coatings and new instrumentation. The United States appears to lag in nanodevices,
production of nano-instruments, ultra-precision engineering, ceramics and other structural
materials.  Japan, Germany, U.K., Sweden, Switzerland and EU are creating centers of
excellence in specific areas of nanotechnology. For example, in 1998, the Ministry of Science,
Technology and Education in Germany established a network of six multidisciplinary “centers of
competency” in nanotechnology with an annual budget of over 130M DM (or about $80M/year).
Japan is making a strong investment in R&D to challenge the US lead in the initial
commercialization efforts. For instance, in 1998 IBM developed the first commercial giant
magneto-resistance (GMR) disk-head in the US, a breakthrough in the $34B disk drive market.
Japanese companies (TDK, Yamaha, Alps Electric, and Hitachi Metals, followed by Sony, and
Sumitomo Metals) are responding aggressively by shifting their magneto resistance (MR) disk-
head production to GMR technology.

We should note, however, that international efforts in this area involve cooperation as well as
competition. Provided that we make the necessary investment to gain and keep a leadership role,
we should welcome the international investments that are being made.

QUESTION 4: One reason for our country’s economic strength is our ability to move
science from the lab to the marketplace. What are the engineering problems that need to
be surpassed in order to move nanotechnology from the lab to a state of mass production?
How would the proposed Nanotechnology Initiative address these problems?

ANSWER: The field is in an early stage of technology commercialization, so that the
engineering problems are only identifiable in a generic way. Problems of design and production
exist in every sector. For example, to move electronics from “micro” to “nano” will mean major
shifts in every phase of design and fabrication. New patterning techniques will be needed to
replace lithography. New interconnect technology will be critical and does not yet exist.
“Scaling up” the existing techniques based on atomic and electron beams will be necessary to
move the field from laboratory experiments to production.

The nanotechnology initiative should be developed as a partnership between government, the
private sector, both academe and industry. At this stage of pre-competitive development, the
government role as a catalyst is of tremendous importance. This role must be played with a deft
touch and be based on well-tested programs that foster technology transfer and
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commercialization. At NSF, for example, the Engineering Research Centers (ERC), Materials
Research Science and Engineering Centers (MRSEC), the Science and Technology Centers
(STC), and the Small Business Innovation Research (SBIR) are highly successful activities in
serving the catalytic role.

QUESTION 5: How significant will the impact be of nanotechnology on medicine and
health care?

ANSWER: The potential to characterize an individual’s genetic makeup will revolutionize the
specificity of diagnostics and therapeutics.  Beyond facilitating optimal drug usage,
nanotechnology can provide new formulations and routes for drug discovery and delivery -
enormously broadening their therapeutic potential. Moreover, biocompatible, high- performance
materials will result from controlling their nanostructure. Proteins, nucleic acids, and lipids, or
their non-biological mimics, are example of materials that have been shown to possess unique
properties as a function of their size, folding, and patterns. Potential applications in the next ten
vears include rejection-resistant artificial tissues and organs, and gene and drug delivery systems.

QUESTION 6: Is NIH a major participant in the planning for the nanotechnology
initiative, and if not, why not?

ANSWER: NIH is a major participant in the planning of this initiative and the most recent
evaluation made in July 1999 is that its nanotechnology portfolic in FY 2001 might be
significant.

QUESTION 7: In a scientific field as new and diverse as nanotechnology research, how
would you formulate and implement an effective peer review precess for selecting which
research projects will be funded? How would a peer review process for nanotechnology
research funding differ from NSF’s normal peer review process?

ANSWER: Some of the funding for this area at NSF will be through unsolicited individual-
investigator proposals. For these, the peer review system will not be different from the existing
one. However, we expect that much of new funding will be for proposals solicited through
interdisciplinary program initiatives targeting particularly timely areas. Because such initiatives
are quite focused, the peer review process will make heavy use of panels that take advantage of
specific sector expertise in the technical community. In addition, the “Centers” programs require
yet another form of peer review, one that deals with issues that transcend mere research quality.
We believe that a balance among these modalities of funding will be required to optimize the
federal investment.

QUESTION 8: Generally, are the instrumentation and fabrication capabilities at
universities adequate for support of nanotechneology research? If not, what are the main
kinds of deficiencies, and is this an area that resources from the new nanotechnology
initiative would be directed?

ANSWER: The fabrication and experimentation facilities needed for nanotechnology are indeed
expensive. A considerable share of the initiative will be devoted to enhancing these capabilities.
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However, it is important that we develop effective means to allow the facilities to be widely
shared. NSF has had considerable experience in this regard. Indeed, a major nanoscale facility is
the National Nanofabrication Users Network (NNUN) supported by NSF. This is a distributed
facility with complementary capabilities at different sites, but coordinated to avoid duplication.
Distributed user facilities that exploit networking to achieve maximum sharing and integration
should be a major strategy for the initiative to make expensive facilities affordable and widely
available.

QUESTION 9: What is the state of the human resource base available in the US to conduct
research in the field of nanotechnology, in terms of research faculty at universities,
industrial researchers and graduate students?

ANSWER: Nanoscale science and technology is an emerging field of research that has to rely
on the relevant parts of chemistry, physics, and engineering for its human resource in the near
term. It is seen as an exciting part of these disciplines and is attracting highly talented
researchers, both students and faculty. For the longer term, major investments will have to be
made to address the distinct education and training requirements of this field.

QUESTION 10: How would advances in nanotechnology improve American agriculture?

ANSWER: Nanoscience will contribute directly to advancements in agriculture in a number of
ways: molecular-based biodegradable chemicals for nourishing the plants and protecting against
insects; genetic improvement for animals and plants; delivery of genes and drugs to animals; and
array-based technologies for DNA testing.  For example, such array-base technologies will
allow a plant scientist to know which genes are expressed in a plant when its is exposed to salt or
drought stress. The application of nanotechnology in agriculture has only begun to be
appreciated.

QUESTION 11: Dr. Merkle pointed out that many researchers think self-replication will
be the key to umlocking nanotechnology’s full potential as a robust manufacturing
technology. Could artificial self-replicating systems pose unique risks?

ANSWER: Self-replication is an important mechanism for nanoscale assembly. However, the
limited degree of self-replication that has been demonstrated, mostly for inorganic materials, is a
long way from cloning. For now, ethical issues have not arisen. But as self-replication becomes
better understood and developed, the risks will have to be reassessed.
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The Role of Nanotechnology in the Second Silicon Revolution
Paul J. McWhorter
Draft of Testimony for the Committee on Science
June 22,1999

It is difficult to imagine any field of science or
technology that has had a more profound
impact on the last half of this century than
microelectronics. The hallmark of the
microelectronics industry has been to each
year provide chips that are smaller, faster,
cheaper and better. This has revolutionized all
aspects of our lives from our most advanced
weapon systems, to our toaster ovens. The
global microelectronics industry has vectored
ahead based on a very simple metric; to make
transistors smaller.  As transistors become
smaller, they become faster, you can pack
more and more of them on a chip, and chips
are able to store and process more information.
To date, this has been the silicon revolution.

Photo of Sandia’s Micre-engine Adj t to H
Re:; ;;uda(leell[as‘s jero-engine Adyacent to Suman Today, we stand on the verge of a second

silicon revolution. The metrics of the second
silicon revolution will be different and more important that simply continuing to pack more transistors onto
a chip. The metrics of the second silicon revolution will be the incorporation of new structures,
microscopic machines, on the chip, alongside the transistors, creating a whole new generation of computer
chip; a chip that can not only think, but sense, act and communicate as well. These fully functioning
machines have feature sizes smaller than a human red blood cell. This new capability will have as profound
of an impact on our lives over the next 30 years as microelectronics have had over the last 30 years.

The “Second Silicon Revolution™ has begun, and a variety of commercial products exist today that contain
micromachines, ranging from toys to important automobile safety devices. To fully realize the potential of
the “Second Silicon Revolution”, however, certain scientific hurdles must be overcome. In the 1800’s,
realization of high performance traditional macro-machines required the development of a fundamental
understanding of the science of the micro-domain. Similarly, to effectively design, build and operate
machines in the micro-domain, we must have a fundamental understanding of materials and surfaces in the
nano-domain. Nanotechnology and nanoscience will be key elements of fully achieving the vision for
micromachines and microsytems. It will be nanotechnology that will lead to new functions, better
performance, and higher reliability in micromachines and microsystems.

[Show 2 minute video of actual micromachines in operation]

Paul J. McWhorter
Deputy Directory, Microsystems Center
Sandia National Laboratories
mewhorpi @sandia.gov

(505)-844-4683
http://www.mdl

e

gov/Mier:
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Biography
PAUL J. McWHORTER

Paul is presently serving as Deputy Director, Microsystems Science,
Technology and Components Center at Sandia National Laboratories. Prior
to assuming his present position, Paul initiated Sandia’s Intelligent
Micromachine Initiative in 1992, and has been the technical and
programmatic leader of this activity. Under Paul’s leadership this initiative
has advanced the MEMS field by developing cutting edge technology for
the integration of sensors, actuators and microelectronics on the same piece
of silicon. This work has been recognized with 5 best paper awards, 2 R&D
100 awards, Industry Week’s "Top Technology of the Year" Award, and
Science News’ Top Development of the Year Award. In 1998 Paul was
named New Mexico Inventor of the Year.

Paul joined Sandia’s Reliability Physics Department in 1985,
developing predictive models for failure of integrated circuits. His research
focused on the effects of the harsh radiation and thermal environments
encountered in space and weapon applications on integrated circuits. These
models are now used by Sandia and throughout industry to screen CMOS
and nonvolatile memories for use in space and weapon systems.

A 1983 graduate of the University of Texas, Paul has a Bachelor of
Science in Electrical Engineering. He subsequently earned a Master of
Science in Electrical Engineering degree from Stanford University in 1985.
He lives in Albuquerque, NM with his wife, Anna, and their eight year old
daughter.
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Sandia National Laboratories

Opsrated for the U.S. Densartment of Energy by
Sandia Corporation

LEOKHEER WARTIH

P.O, Box 5800
Albuqueatcue, NM 8718541078

Phone: (505} 844-4683
FAX: {505} 844-7833
Emall mowhomi@sandia.gov
Raul J. McWhorter, Deputy Dirsctor
i cience, T &C

The Honorable Nick Smith

House Committee or Science
Subcommittee on Basic Research
2320 Rayburn House Office Building
Washington, DC 20513

Dear Representative Smith:

Thank you for the opportunity to respond in writing to the issue of improvements in the peer review
pracess for an expanded nanoscience program. As was clear in the hearing, the development of a
National Nanotechnology itiative, led by NSF and involving centers of excellence in university,
industry and government laboratories would extend the frontiers of science. Such an initiative would
open broad opportunities that will impact our nation’s communications, health care, energy, and national
security infrastructures. The exploration and development of these broad opportunities will require an
equally broad set of scientific, technological, and organizational approaches. Much of the scientific
exploration needed in a manoscience effort is well suited to small-group, umiversity-like research
environments. However, the output from these small group research efforts will, in many casss, require
large-scale facilities such as synchrotron energy sources, ultra-high resolution microscepy centers, or
high performance computing centers. These larger research facilities are necessary in order to
synthesize, analyze, characterize, and fully explore the structure and properties of new nano-scale
materials and devices that are discovered.

Yel larger scale integration of facilities, expertise and R&D environments will be required in order to
move from basic science discoveries to useful nanotechmology. For example, centers where
nanotechnology, microtechnology and biotechnology can be brought together will be necessary to derive
the full value from basic nanoscience discoveries. Multi-disciplinary centers will build the interfaces
between scientific disciplines and provide a path for new scientific discoveries to be translated into
proof-of-principle technology demonstrations. As I noted in my testimony, these demonstrations help to
reduce the risk in the transition from concept to commercialization and therefore are deserving of public
support.

Obviously, the breadth of science and engineering that will be needed will also require a range of
approaches to administer research funding and review the quality of work that is conducted. Basic
rescarch in small-group environments will be best addressed through specific peer reviewed research
projects. On the other hand, larger centers, facilities and integrated efforts will require longer term,
strategic investment of research funds, and an evaluaticn approach centered around broad expert review
and advisory panels.

Exceptional Service in the National Interest
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Please feel free to contact me for further input as the deliberations in the commitiee proceed. Again,
thank you for the opportunity to address the committee on this exciting subject.

Sincerely,
@wil g.m ‘w%::"

Panl J. McWhorter, Deputy Director
Microsystems Science, Technology & Components

Copy to:

Mark Harrington

Counsel

Subcomumitiee on Basic Research
House Committee on Science
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Sandia National Laboratories

Operated forthe U.S. Department of Energy by
Sandia Corparation

LBCKHEED MARTIH

P.Q. Bax 5800
Albugergue, NM 87185-1078

Phone: (505) B44-4683
FAX: {305) 844-7833
Emall:  mewhorpj @sandia.gov
Paut J. McWhorter, Deputy Directar
i Schence, T & C

The Honorable Nick Smith

House Committee o2 Science
Subcommittee on Basic Research
2320 Rayburm Houss Office Building
Washington, DC 20515

Dear Representative Smith:

Attached is the response to your follow-up questions regarding the development of a new research
initiative on nanotechnology.

Please feel free to contact me for farther input as the deliberations in the committes proceed. Thank you
for the opportunity to address the committee on this exciting subject.

Sincerely,
0 YRS 1K
W \ ML

Paul J, McWhorter, Deputy Director
Microsystems Science, Technology & Components

PM/cl

Enclosure with all copies: Follow-Up Questions/Response
Copy to:

Mark Harrington

Counsel

Subcommittee on Basic Research
House Committee on Science

Exceptional Servies in the National interest
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N
Follow-Up Questions:

1) Several agencies have been working on the development of a new research initiative on
nanotechnology for the FY 2001 budget request. The recommendation is to double current
funding levels over three years.

* Is there a need for such an initiative; is this timely; what is the evidence that research ideas are
significantly exceeding research support levels?

Impressive advances have been made in nanotechnology research over the last several years. The rate of
scientific advancement and the opportunities for impacting the marketplace appear to be accelerating.
However, the field of nanotechnology is presently fragmented across a wide range of disciplines.
Programs in Japan and Europe are more unified and organized. Increased funding is needed in order to
help unify the disparate efforts and to help build the Science and Technology infrastructure that would
enable nanotechnology research breakthroughs to be incorporated into practical applications. Investment
is needed in nanotechnology centers for fabrication, characterization and technology integration. These
centers would enhance scientific discovery and provide the infrastructure to realize practical benefits
from nanotechnology research.

*  What are the main research opportunities that ought to be addressed?

Important opportunitics exist in the areas of Nano-biotechnology, Nanoscale Structures/Quantum
Control, Nanoscale Integration, and Nanoscale Interfaces.

2) What are the fields in which we will see the most significant applications of nanotechnology and
in what time frame do you predict we will see the full benefits?

With proper balance between research and applied development we should expect 1o see benefits from
nanotechnology in the 5-20 year time frame. Fruitful areas for application include Biomedical, New
Materials, Energy, Environment and National Security. An early area of impact will be the application
of mnanoscale science to microtechnology, enabling new functionality in microelectronic and
micromachine devices.

3) What other nations have significant research programs on nanotechnology, and how do they
rank relative to the US? Are there particular subfields in which other countries are more
advanced than the US?

In their combined programs, Europe and Japan are currently spending over twice as much as the U.S, in
nanotechnology. Although all three of the major players appear o be on equal footing in addressing the
scientific issues, Japan appears to be leading in the development of new devices from nanoscience
discoveries.

4) One reason for our country’s economic strength is our ability to move science from the lab to
the marketplace. What are the ¢ngineering problems that need to be surpassed in order to move
nanotechnology from the lab to a state of mass production? How would the proposed
Nanotechnology Initiative address these problems?



In many cases, nanotechnology will not be the product that a consumer buys or sees, Nanotechnology
will be a capability that enhances the cost, performance and reliability of products built using micro or
macro technology. Some of the present challenges in realizing practical benefits from nanotechnology
include:

e Characterization of nanc-scale materials and structures
¢ Integration of nano-science into micro or macro products

By investing not only in basic research, but also in efforts to integrate nanotechnology into applications,
significant practical tenefits could be achieved.

5) How significant will the impact be of nanotechnology on medicine and health care?

Of all the fields perhaps medicine and health care stand to benefit the most from advances in
nanotechnology. New nanometer probes and imaging tools will increase our knowledge and
understanding of molecular, genomic and cellular processes that control disease and aging.
Nanotechnology will provide new formulations and routes for drug delivery. The development of
biocompatible materials for bone, tissue and organ replacement will result from new nanostructured
materials.

6) In a scientific field as new and diverse as nanotechnology research, how would you formulate
and implement an effective peer review process for selecting which research projects will be
fanded? How would a peer review process for nanotechnology research differ from NSF’s normal
peer review process?

The breadth of science and technology involved in the nanotechnology initiative will reqeire a range of
approaches to svaluate and review the quality of work that is conducted. Basic research in small-group
environments will be best addressed through a strict peer review process. On the other hand, larger
centers, facilities and integrated efforts will require a different evaluation approach, possibly centered
around broader expert review and advisory panels.

7) What is the state of the human resource base available in the US to conduct research in the field
of nanotechnology, in terms of research faculty at universities, industrial researchers and
graduate students?

Currently the human resources available to conduct research in nanotechnology are fragmented across
various science and engineering disciplines. As these resources are brought together under the
nanotechnology initiative, new scientists and engineers will receive the multidisciplinary training needed
to extend and integrate scientific discovery into market driven applications.

8) How would advances in nanotechnology improve American agriculture?

Agriculture is not my area of expertise, so I should probably not speculate on this.
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9) Dr. Merkle points out that many researchers think self-replication will be the key to unlocking

nanotechnology’s full potential as a robust manufacturing technology. Could artificial self-
replicating systems pose unique risks?

In my opinion, the idea of self-replicating nanodevices is still very much in the speculative stage. There
is not necessarily a consensus that self-replication will be the direction that the field goes.
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NANOTECHNOLOGY

Prepared Written Statement and Supplemental Material of R. E. Smalley,
Rice University, June 22, 1999

Mr. Chairman, I appreciate the opportunity today to present my views on
nanotechnology. There is a growing sense in the scientific and technical community that we are
about to enter a golden new era. We are about to be able to build things that work on the
smallest possible length scales, atom by atom with the ultimate level of finesse. These little
nanothings, and the technology that assembles and manipulates them -- nanotechnology -- will
revolutionize our industries, and our lives.

Everything we see around us is made of atoms, the tiny elemental building blocks of
matter. From stone, to copper, to bronze, iron, steel, and now silicon, the major technological
ages of humankind have been defined by what these atoms can do in huge aggregates, trillions
upon trillions of atoms at a time, molded, shaped, and refined as macroscopic objects. Even in
our vaunted microelectronics of 1999, in our highest-tech silicon computer chip the smallest
feature is a mountain compared to the size of a single atom. The resultant technology of our
20th century is fantastic, but it pales when compared to what will be possible when we learn to
build things at the ultimate level of control, one atom at a time.

Nature has played the game at this level for billions of years, building stuff with atomic
precision. Every living thing is made of cells that are chock full of nanomachines - proteins,
DNA, RNA, etc.- each jiggling around in the water of the cell, rubbing up against other
molecules, going about the business of life. Each one is perfect right down to the last atom.
The workings are so exquisite that changing the location or identity of any atom would cause
damage. Over the past century we have learned about the workings of these biological
nanomachines to an incredible level of detail, and the benefits of this knowledge are beginning
to be felt in medicine. In coming decades we will learn to modity and adapt this machinery te
extend the quality and length of life. Biotechnology was the first nanotechnology, and it has a
long way yet to go.

Let me give you just one, personal, example: cancer. I sit before you today with very
little hair on my head. It fell out a few weeks ago as a result of the chemotherapy I've been
undergoing to treat a type of non-Hodgkin's lymphoma - the same sort that recently killed
King Hussein of Jordan. While I am very optimistic, this chemotherapy is a very blunt tool. It
consists of small molecules which are toxic — they kill cells in my body. Although they are
meant to kill only the cancer cells, they kill hair cells too, and cause all sorts of other havoc.

Now, I'm not complaining. Twenty years ago, without even this crude chemotherapy I
would already be dead. But twenty years from now, I am confident we will no longer have to
use this blunt teol. By then nanotechnology will have given us specially engincered drugs
which are nanoscale cancer-seeking missiles, a molecular technology that specifically targets
just the mutant cancer cells in the human body, and leaves everything else blissfully alone. To
do this these drug molecules will have to be big enough ~ thousands of atoms -- so that we can
code the information into them of where they should go and what they should kill. They will
be examples of an exquisite, human-made nanotechnology of the future. I may not live to see
it. But, with your help, I am confident it will happen. Cancer - at least the type that I have —
will be a thing of the past.
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Powerful as it will be, this bic-side of nanotechnology that works in the water-based
world of living things will not be able to do everything. It cannot make things strong like steel
or conduet electricity with the speed and efficiency of copper or silicon. For this, other
nanotechnologies will be developed ~ what I call the “dry side” of nanotech, My own research
these days is focused on carbon nanotubes — an outgrowth of the research that led to the Nobel
Prize a few years ago. These nanotubes are incredible. They are expected to produce fibers
100 times stronger than steel at only 1/6th the weight ~ almost certainly the strongest fibers that
will ever be made out of anything, In addition they will conduct electricity better than copper.
Membranes made from arrays of these nanotubes are expected to have revolutionary impact in
the technology of rechargeable batteries and fuel cells, perhaps giving us all-electric vehicles
within the next 10-20 years with the performance and range of a Corvette at a fraction of the
cost.

As individual nanoscale molecules, carbon nanotubes are unique. They have been
shown to be true molecular wires, and have already been assembled into the first single
molecule transistor ever built, Several decades from now we may see our current silicon-based
microelectronics supplanted by a carbon-based nanoelectronics of vastly greater power and

scope.

It's amazing what one can do just by putting atoms where you want them to go.

Recently an Interagency Working Group on Nano Science, Engineering and
Technology (IWGN) has studied the field of nanotechnology in detail, and made its
recommendation to OSTP (March 10, 1999) for a new national initiative in this critical
emerging area. Quoting from Mike Roco, chair of the IWGN:

“A national initiative, ‘Nanotechnology for the Twenty-First Century: Leading to a New
Industrial Revolution’ is recommended as part of the fiscal year 2001 budget. The initiative
will support long-term nanotechnology research and development, which will lead 1o
breakthroughs in information technology, advanced manufacturing, medicine and health,
environment and energy, and national security. The impact of nanotechnology on the health,
wealth, and lives of people will be at least the equivalent of the combined influences of
microelectronics, medical imaging, computer-aided engineering and man-made polymers
developed in this century. The proposed level of additional annual funding doubles (by
$260M) the current level of effort, incrementally increased over three years. This initiative will
focus on fundamental research on novel phenomena, processes and tools; synthesis and
processing by design; nanostructured devices, materials and systems that are high-risk, broadly-
enabling and are designed to have major impact; as well as on education and training of future
nanotechnology workers and rapid knowledge and technology transfer.”

Mr. Chairman, Honorable Congressmen, [ believe it is in our Nation's best interest to
move boldly into this new field.

As additional background material, the following is excerpted from “Nanotechnology —
A Revolution in the Making -- Vision for R&D in the Next Decade,” a report of the Interagency
Working Group on Nanoscience, Engineering, and Technology, presented to the OSTP
Committee on Technelogy, March 10, 1999,
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NANOTECHNOLOGY - A REVOLUTION IN THE MAKING

- VISION FOR R&D IN THE NEXT DECADE

Draft - Executive Summary - Draft

Recommendation:

As part of the fiscal year 2001 budget, the IWGN recommends a national initiative. The initiative, known as
NTR (Nanotechnology for the Twenty-First Century: Leading to a New Industrial Revolution), will
approximately double the Federal Government’s annual investment in nanotechnology research and
development from its present (FY99) base of $234M per year. The increase will be incrementally grown over a
three-year interval.

The NTR Initiative will address five activities:

- Long-term nano science and engineering research that will lead to fi 1 under and to
discoveries of novel phenomena, processes and tools for nanotechnology. This commitment will refocus the
government investment beginning in the 1950s that led to today’s microelectronics, microfabrication, and
computer technology;

3 a3:

- Synthesis and processing “by design” of engineered, nanometer-size, material building blocks and
system components, fully exploiting molecular self-assembly concepts. This commitment will generate new
classes of high performance materials, bio-inspired systems, paradigm changes in device design, and efficient,
affordable manufacturing of high performance products. Novel properties and phenomena will be enabled, as
control of structures of atoms, molecules and clusters becomes possible;

- Nanodevice concepts including system architecture research to best exploit nano-derived properties in
operational systems, and combining building-up of molecular structures with ultraminiaturization. The new
nanodevices will cause orders of magnitude improvements in microprocessors and mass storage, create tiny
medical tools that minimize collateral damage; and enable uninhabited defense combat vehicles in fully imaged
battle fields. There will be dramatic payback to programs with this National priority including information
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- Application of nanostructured materials and systems to manufacturing, power systems, energy,
environment, national security, and health. Areas of interest include advanced dispersions, catalysts, separation
methods, and consolidated nanostructures, as well as increase the pace of knowledge and technology transfer;

- Educate and train a new generation of skilled workers in the multidisciplinary perspectives
necessary for rapid progress in nanotechnology.

Potential for NTR impact is compelling:

- Nano science and engineering knowledge is exploding worldwide because of the availability of new
investigative tools; maturity in the biology, chemistry, engineering, materials and physics disciplines, and
interdisciplinary synergism; and financial support driven by emerging technologies and their markets. The
science and engineering communities have generated a flurry of new results, doubling the publication rate each
two-three years. During 1998, funding agency initiatives in nanotechnology (NSF Functional Nanostructures
Initiative, and DoD Multidisciplinary University Research Initiative in Nanoscience) had success rates no higher
than 1 in 6, constrained only by funding limitations;

- The nanotechnology revolution will lead to fundamental breakthroughs in the way materials, devices
and systems are understood, designed and manufactured. Dr. Neal Lane stated at a Congressional hearing in
April 1998 that, “If I were asked for an area of science and engineering that will most likely produce the
breakthroughs of tomorrow, I would point to nanoscale science and engineering.” Potential breakthroughs
include orders-or-magnitude increases in computer efficiency; emergence of entirely new phenomena in physics

3
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and chemistry; nanofabrication of three-dimensional molecular architectures; novel processing architectures
such as quantum computing and cellular automata; repair of human body with replacement parts; and a virtual
presence in space;

- Nanotechnology is creating a technology revolution in the way materials, devices and systems are
manufactured and perform. In the last few years, applying fundamental discoveries has developed multi-billion
dollar product lines. These include: giant magnetoresistance multilayers (for computer memory), nanostructured
coatings (in data storage and photographic industry), nanoparticles (colorants in printing and drug delivery in
pharmaceutical field), superlattice confinement effects (for optoelectronic devices and lasers), and
nanostructured materials (nanocomposites and nanophase metals). John Armstrong, formerly Chief Scientist of
IBM, wrote in 1991, “I believe ? and hnology will be central to the next epoch of the
information age, and will be as revolutionary as science and technology at the micron scale have been since the
early ‘70s.” More recently, industry leaders including those at the IWGN workshop on Jan. 27-29, 1999, have
extended this vision by concluding that nanoscience and technology will change the nature of almost every
human-made object in the next century;

- Nanoscience is an opportunity to energize the interdisciplinary connections between biology,
chemistry, engineering, materials, mathematics, and physics in education. It will give birth to new fields that
are only envisioned at this moment;

- European and Pacific countries have developed focussed programs in the science and technology of
nanostructures that will provide world-wide critical mass to this initiative, accelerate progress, and guarantee
commercial competition for the results.

NTR investment strategy:

- 'This initiative builds on previous and current nanotechnology programs, including some early
investment from the Advanced Materials Processing Program, NSF instrumentation and functional
nanostructures, and DoD programs supporting its Nanoscience Strategic Research Objective;

- The lead-time for science maturing into technology is approximately 10-15 years; now is a critical time
for government investment in the S&T of nanostructures. The leaders from industry, academe and government
present at the IWGN Workshop concluded that the Federal Government was underinvesting in long-term
nanotechnology research and development relative to the outstanding opportunities. The private sector is
unlikely to invest in nano science and engineering research until products are 3-5 years from commercialization;

- Roughly 70 percent of the funding will be for university-based research, which will also help meet the
demand for skilled workers with advanced nanotechnology skills in the next century. In the academic programs,
it is anticipated that 65% of the funding will be for single investigators, 15% multidisciplinary programs and 5-
10% for nanotechnology centers that will play a similar role to the supercomputer centers, 5-10%
instrumentation development and procurement, and 5% for the development of mulitidisciplinary educational
programs. Government/industry/academic partnerships will be strongly encouraged.
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Draft NANOTECHNOLOGY - A REVOLUTION IN THE MAKING Draft
- VISION FOR R&D IN THE NEXT DECADE -

Interagency Working Group on Nano Science, Engineering and Technology (IWGN)
Dr. M. Roco, IWGN Chair, mroco@nsf.gov; Dr. J. Murday, IWGN Exec Sec, myrday @ccf.nrl.navy.mil

Abstract:

A national initiative, “Nanotechnology for the Twenty-First Century: Leading to a New Industrial
Revolution”, is recommended as part of the fiscal year 2001 budget. The initiative will support long-
term nanotechnology research and development, which will lead to breakthroughs in information
technology, advanced manufacturing, medicine and health, environment and energy, and national
security. The impact of nanotechnology on the health, wealth and lives of people will be at least the
equivalent to the combined influences of microelectronics, medical imaging, computer-aided
engineering and man-made polymers developed in this century, The proposed level of additional
annual funding approximately doubles (by $260 M) the current level of effort, incrementally increased
over three years. This initiative will focus on fundamental research on novel phenomena, processes
and tools; synthesis and processing by design; nanostructured devices, materials and systems that are
high risk, broadly enabling and are designed to have major impact; as well as education and training of
future nanotechnology workers and rapid knowledge and technology transfer.

Contents:

1. Nanotechnology Definition

2. Revolution in the Making: Driving Porces

3. Nanotechnology Impact (Information Technology, Medicine and Health, Materials and
Manufacturing, Aeronautics and Space Exploration, Environment and Energy, National
Security, Global Competitiveness, Science and Education).

4. Investment Opportunities

5. High-level Recognition of the Potential

6. A National Initiative: Leading to a New Industrial Revolution

Attachment: Several examples of nanotechnology applications

1. Nanotechnology Definitipn

Nanotechnology is concerned with materials and systems whose structures and components exhibit
novel and significantly improved physical, chemical and biological properties, phenomena and
processes because of their small nanoscale size. Structural features in the range of about 10 to 167 m
(1 to 100 nanometers) determine important changes as compared to the behavior of isolated molecules
(1 nanometer) or of bulk materials. For comparison, 10 nanometers are 1000 times smaller than the
diameter of a human hair.

We can exploit novel properties and phenomena of nano-based entities as we gain control of structures
and devices at the atomic, molecular and supramolecular levels, and as we learn how to efficiently
manufacture and use these devices. New behavior at the nanoscale is not necessarily predictable from
that observed at large size scales. Important changes in behavior are caused not by the order of
magnitude size reduction, but also by new phenomena such as size confinement, predominance of
interfacial phenomena, quantum mechanics and Coulomb blockade. It is notable that all relevant
phenomena at nanoscale are caused by the tiny size of the organized structure as compared o
molecular scale, and by the interactions at their predominant and complex interfaces. Once we are able
to contro] feature size, we can enhance material properties and device functions beyond those that we
currently know or even imagine. Reducing the dimensions of structures leads to entities with novel

5



60

properties, such as carbon nanotubes, quantum wires and dots, thin films, DNA based structures, and
laser emitters. Such new forms of materials and devices herald a revolutionary age for science and
technology provided that we can discover and fully utilize the underlying principles.

2. Reyolution in the Making: Driving Forces

In 1959 Richard Feynman delivered a now famous lecture, “There is Plenty of Room at the Bottom.”
He stimulated his audience with the expectation of exciting new discoveries if one could fabricate
materials and devices at the atomic/molecular scale. For this to happen, he pointed out the necessity of
a new class of miniaturized instrumentation to manipulate and measure the properties of these small
structures-—nanostructures.

It was not until the 1980s that miniaturization of instruments actually surfaced in developments like
scanning tunneling microscopes, force microscopies and near field microscopes. These instrument
classes exploited microfabrication technology to enable nanometer resolution—a wide variety of the
“eyes” and “fingers” required for nanostructure measurement and manipulation. In a paraliel
development, augmented computational capability now enables sophisticated computer simulations of
nanostructures. These new techniques have sparked excitement in nearly all parts of the scientific
community. Traditional models and theories for most material properties and device operations
involve assumptions leading to “critical scale lengths™ that are frequently larger than 100 nm. When
the dimensions of a material structure is under the respective critical length scale, then the models and
theories are not able to describe the novel phenomena. Scientists in all materials and technology
disciplines are in avid pursuit of the fabrication and measurement of nanostructures to see where and
what kind of interesting new phenomena occur.  Further, nanostructures offer a new paradigm for
materials manufacture by assembling (ideally utilizing self-organization and self-assembly) to create
an entity rather than the laborious chiseling away from a larger structure.

Strong financial support for this research and development is motivated by the impressive potential for
economic return, including continued improvement in. electronics/electrooptics for information
technology; higher performance, low maintenance materials in manufacturing, defense, space and
environmental applications; and acceleration of biotechnology for medical, health and agricultural
uses.  John Armstrong, formerly Chief Scientist of IBM, wrote in 1991, “I believe nanoscience and
nanotechnology will be central to the next epoch of the information age, and will be as revolutionary
as science and technology at the micron scale have been since the early ‘70s.” More recently,
industry leaders including those at the IWGN workshop on Jan. 27-29 have extended this vision by
concluding that nanoscience and technology will change the nature of almost every human-made
object in the next century. Such significant improvements in materials performance and changes in
manufacturing paradigms will lead to an industrial revolution.

Federal support of the nanotechnology infrastructure is necessary to enable the U.S. to compete in the
global marketplace.

3. Nanotechnology Impact

The potential benefits of nanotechnology are pervasive:

Information Technology. The Semiconductor Industry Association (SIA) has developed a roadmap

for the continued enhancements in miniaturization, speed and power consumption reduction of

information processing devices—sensors for signal acquisition, logic devices for processing, storage

devices for memory and displays for visualization. The roadmap projects the future to approximately
6
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2010 and to 0.1-micron (100 nm) structures, just short of nanostructure devices. There are several
reasons why it stops at 100 nm. First, it is not clear how to economically fabricate nanostructured
electronics. Second, even if fabricated, the physical/chemical properties of those nanostructures are
unknown; the present electronic devices are all based on models with critical scale lengths in the 100+
nm range. Third, without known properties it is impossible to design a functional device, fabricate and
assemble the devices into a working system. The SIA roadmap explicitly calls for “sustained
government support if this industry is to continue to provide for strong economic growth in the U.S.”
The lead-time for science maturing into technology is approximately 10-15 years; so now is the critical
time for government investment in the science and technology of nanostructures for timely impact in
information technology. Further, the investment will have spin-offs that enable the attainment (or
acceleration) of the roadmap goals. The area of magnetic information storage is illustrative. Within
ten years of the fundamental discovery of the new phenomenon of giant magnetoresistance, this new
nanotechnology completely replaced older technologies for disk computer heads in the $34 B/yr hard
disk market (1998). Other potential breakthroughs include: (a) orders of magnitude improvement in
microprocessors - nanostructured transistors will continue the trend in lower cost per transistor and use
less energy, thereby improving the efficiency of computers by a factor of millions; (b) changes in
communications paradigms as higher frequencies (faster speeds) provide 10 times more bandwidth,
with consequences in business, education, entertainment and defense; (c) expansion of small mass
storage devices to multi-terabit capacities, 100 times better than today; and (d) integrated sensor
systems that collect data utilizing minimal power, space and weight. Applications include: (a)
affordable virtual reality stations to provide individualized teaching aids (and entertainment), (b)
sufficient computational capability to enable uninhabited combat vehicles (and civilian transportation),
and (¢) communication capability that obviates much business travel (including commuting to a work
place) in an era when transport fuels will be dramatically more expensive.

Medicine & Health. Living systems are governed by molecular behavior at nanometer scales where
the disciplines of chemistry, physics, biology and computer simulation all now converge. Such
multidisciplinary insights will stimulate nanobiotechnology progress far beyond its already impressive
record of accomplishments in medicine and health over the last ten years. The molecular building
blocks of life - proteins, nucleic acids, lipids, carbohydrates and their non-biological mimics - are
examples of materials that possess unique properties determined by their size, folding and patterns at
the nanoscale. We can now probe single molecule properties; this new information will complement
(and largely supplant) the ensemble average techniques of present day life sciences. New analytical
tools capable of probing the nanometer world will also make it possible to characterize chemical and
mechanical properties of cells, of interest in cellular biology and pathology, including processes such
as cell division, metabolism, regulation and locomotion. Utilization of nanofabricated surfaces and
devices will increase the speed of genome sequencing by orders of magnitude, and thus our ability to
probe and decode the fundamental nature of living systems. Coupling these advances in our
knowledge of living systems, with the unique capabilities imparted by nanostructures and materials,
we will be in a position to detect and intervene in pathology and disease using biologically inspired
systems. Integration of biocompatible materials with fluidic, optic, mechanical and electronic
components, all at micro to nano scale, will enable development of in vivo-implantable devices. For
example, remote, non-invasive sensing systems will allow us to detect the earliest stages of emerging
disease, whether caused by infection or tissue malfunction, and prevent overt disease development.
Such early sensing will be coupled to better means of intervention such as coated particles to provide
new routes for drug delivery, nano surgical approaches, and implantable drug synthesis and delivery
systems, making prevention and therapy less costly, less traumatic for patients, and more effective.
Applications include: (a) Rapid, efficient genome sequencing, which will permit the characterization of
each individual’s genetics, thereby enabling a revolution in diagnostics and therapeutics; (b)
Intracellular sensors, which will altow for further understanding of the basic properties of living
7
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(normal and diseased) cells; (c) New formulations and routes for drug delivery, which will enormously
broaden their therapeutic potential by effecting delivery of new types of medicine to sites in the body
that were previously inaccessible; (d) More durable, rejection-resistant artificial organs will be
developed from new biocompatible, high performance materials based on their surface nanostructure;
(e) Sensing systems, which will allow the detection of emerging disease in the living body, and will
ultimately shift the focus of patient care from disease treatment to early detection and/or prevention.

Materials and Manufacturing. Nanotechnology is fundamentally changing the way materials and
devices will be produced in the future, including ceramics, metals, polymers, and their composites. The
ability to synthesize nanoscale building blocks with precisely controlled size and composition and then
to assemble them into larger structures with unique properties and functions will revolutionize
segments of materials manufacturing. At present we perceive only the tip of the iceberg in terms of the
benefits that nanostructuring can bring: lighter, stronger, and programmable materials, reductions in
life-cycle costs through lower failure rates, innovative devices based on new principles and
architectures, and use of molecular/cluster manufacturing. Molecular/cluster manufacturing takes
advantage of assembly at the nanoscale level for a given purpose. Structures not previously observed
in the nature can be developed. Challenges include: synthesis of materials by design, developments of
bio- and bio-inspired materials, development of cost-effective and scalable production techniques, and
determination of the nanoscale initiators of materials failure. Applications include: (a) net-shape
manufacturing of nanostructured metals and ceramics; (b) improved printing brought about by
nanometer-scale particles that have the best properties of both dyes and pigments; {c) nanoscale
cemented and plated carbides and nanocoatings for cutting tools, electronic, chemical and structural
applications; and (d) nanofabrication on a chip with high levels of complexity and functionality.

Aeronautics and Space Exploration. The stringent fuel constraints for lifting payloads into earth
orbit and beyond, and the desire to send spacecraft away from the sun (diminished solar power) for
extended missions, compel continued reduction in size, weight and power consumption of payloads.
Nanostructured materials are also critical to lightweight, high-strength, thermally stable materials for
planes, rockets, space station and planetary/solar exploratory platforms. The low gravity, high vacuum
space environment may help develop nanostructures and assembled nanostructures that cannot be
created on Earth. Applications include: (a) Low power, radiation hard, high performance computers;
(b) Nanoinstrumentation for microspacecraft; (c) Avionics; and (d) Thermal barrier and wear resistant
nanostructured coatings.

Environment and Energy. Nanotechnology will have potentially significant impacts on energy
efficiency, storage and production. It can be used to monitor and remediate environmental problems;
improve control emissions from a wide range of sources, and develop new, ‘green’ processing
technologies that minimize the generation of undesirable by-products. The impact on industrial control,
manufacturing and processing will be impressive and result in saving energy. Several technologies,
developed without the benefit of the new nanoscale analytical capabilities or in development, illustrate
that potential: (a) The Mobil Qil Co. long-term research program into the use of crystalline materials as
catalyst supports has yielded catalysts with well defined pore sizes in the range of 1 nm; their use is
now the basis of an industry that exceeds $30 Bfyr; (b) The discovery of the ordered mesoporous
material MCM-41 by the Mobil Oil Co., with pore size in the range 10 to 100 nm, that is widely
applied in removal of ultrafine contaminants; (¢) The Dow Chemical Co. has developed a nanoparticle-
reinforced polymeric material that can replace metallic components in the auto industry; the wide
spread use of those nanocomposites could lead to a reduction of 1.5 billion liters of gasoline
consumption over the life of one year's fleet of vehicles and reduce the related dioxide emissions by
more than five billion kilograms; (d) the replacement of carbon black in tires by nanometer-scale
particles of inorganic clays and polymers is a new technology that is leading to the production of
8
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environmentally-friendly wear-resistant tires. Potential future breakthroughs also include use of nano-
robotics and intelligent systems for environment and nuclear waste management.

National Security. The Department of Defense recognized the importance of nanostructures over a
decade ago and has played a significant role in nurturing the field. Critical defense applications
include: (a) Continued information dominance, identified as an important capability for the military,
will depend on U.S. nanotechnology. (b) Nanostructured electronics will provide more sophisticated
virtual reality systems that enable affordable, effective training. (c) Reduction in military manpower
must be compensated by the increased use of nanostructure-enhanced automation and robotics, both of
which will benefit from nanostructures. The use of uninhabited combat vehicles is desired, both to
reduce risk to human life as well as to improve vehicle performance. For example, several thousand
pounds could be stripped from a pilotless fighter aircraft, resulting in longer missions. In addition, the
fighter agility could be dramatically improved without the necessity to limit g-forces on the pilot,
increasing its combat effectiveness. (d) Nanostructured materials hold the promise for the high
performance (lighter, stronger) needed in military platforms while simultaneously providing
diminished failure rates and lower life-cycle costs. (e) Advances in medicine and health enabled by
nanoscience will provide badly needed chemical/biological/nuclear sensing, protection and
improvements in casualty care. (f) Changes are also possible in the design and weight reduction of
nuclear weapons and systems used in non-proliferation.

Other Applications. Potential benefits from nano science and technology affect other government
agency missions, including: (a) more economical and reliable transportation systems (DOT), (b)
measurement, control and remediation of contaminants (EPA), (c) forensic research (DOJ), and (d)
printing and engraving (BEP).

Global Trade and Competitiveness. Technology is the major driving factor for growth at every level
of our economy. Nanotechnology is expected to be pervasive and ubiquitous in its applications across
all technologies. Investment in nanotechnology research and development is necessary to maintain and
improve our position in the world marketplace. This initiative will allow the development of critical
enabling technologies with broad commercial potential. These enabling technologies include
manufacturing and the measurement and standards tools necessary for U.S. industry to take advantage
of nanotechnology innovations and improve our capability to compete globally.

Science and Education. The science, engineering and technology of nanostructures will require and
enable advances in a fabric of disciplines: physics, chemistry, biology, mathematics and engineering.
In their evolution as disciplines they all find themselves simultaneously ready to effectively address
nanostructures. This provides an unprecedented opportunity to revitalize the connections between
physics, mathematics, chemistry, biology and engineering in education. The dynamics of the
interdisciplinary nanostructure efforts will revitalize educational connections between disciplines and
will give birth to new fields that are only envisioned at this moment. This opportunity requires change
in the laboratory and human resource infrastructure in universities, and in the education of
nanotechnology professionals, especially for industry.

4. Investment Opportunities

Nanoscale science and engineering knowledge is exploding worldwide because of the availability of

new investigative tools and interdisciplinary synergism, and is driven by emerging technologies and

their applications. New experimental and modeling tools have made possible such discoveries,

opening windows of research opportunities. The number of revolutionary discoveries reported in

nanotechnology can be expected to accelerate in the next decade, and is likely to profoundly affect
9
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existing and emerging technologies in almost all industry sectors and application areas, including
computing and communications, pharmaceuticals and chemicals, environmental technologies, energy
conservation, manufacturing and healthcare-related technologies. As a result of the highly competitive
and dynamic characteristic of nanotechnelogy and of the potential high return on investment, the
opportunity to establish a special initiative is significant. There is a clear need to crcate a balanced
infrastructure for nanoscale science, engineering, technology and human resources development in this
revolutionary field.

The reported Federal Government expenditure for nanotechnology in fiscal year 1997 was $116 M
(WTEC Study, 1998; Nanotechnology as defined there only included work to generate and use
nanostructures and nanodevices; it did not include the simple observation and description of
phenomena at the nanoscale that is part of nanoscience). It is estimated ta be at over $230 M in fiscal
year 1999. A much greater investment could be utilized effectively. Funding agencies and
professional societies are experiencing a flurry of new results in nanotechnology, and a growing
interest within the research community. The funding success rate for the small-group interdisciplinary
research program, FY98 NSF “Functional Nanostructures™ initiative, was about 13% (lower if one
considers the limitation of two proposals per university). The success rate for the DoD 1998 MURI
initiative on nanostructures was 17% (5% if one starts with the number of white papers submitted to
guide proposal development).

The promise of nanotechnology must be realized through a balanced investment:

e Nanostructure Properties: develop and extend our understanding of biological, chemical,
electronic, magnetic, optical, and structural properties in nanostructures.

¢ Synthesis and Processing: enable the atomic and molecular control of material building blocks, and
engineering that provides the means to assemble and utilize these tailored building blocks for new
processes and devices in a wide variety of applications. Extend the traditional approaches to
patterning and microfabrication to include parallel processing with proximal probes, stamping and
embossing. Particular attention must be given to the interface with bionanostructures and bio-
inspired structures, multifunctional and adaptive nanostructures, scaling approaches, and
affordability at commercial scales.

¢ Characterization and Manipulation: new experimental tools to broaden the capability to measure
and control nanostructured matter, including the development of new standards of measurement.
Particular attention must be given to tools capable of measuring/manipulating single macro- and
supra-molecules of biological interest.

« Modeling and Simulation: accelerate the application of high performance computation to the
prediction of nanostructured properties and phenomena, and materials by design.

» Device and System Concepts: stimulate the innovative application of nanostructure properties in
ways that might be exploited in new technologies.

International Perspective: The U.S. does not dominate nanotechnology research. There is strong
international interest, with nearly twice as much research ongoing overseas as in the United States.
Other regions, particularly Japan and Europe, are supporting work that is equal to the quality and
breadth of the science done in the U.S. because they have determined that nanotechnology has the
potential to be a major economic factor during the next several decades. This situation is unlike the
other post-war technological revolutions, where U.S. enjoyed earlier advances. The 1991
Congressional Office of Technology Assessment report, Miniaturization Technologies, states that “the
competitive position of U.S. R&D in miniaturization technology 1 ins strong, although competition
from Japanese and European industry and governments has increased.”




65

The international dimensions of nanotechnology research and its potential applications implies that the
United States must put in place an infrastructure that is equal to that which exists anywhere in the
world. This emerging field also creates a unique opportunity for the United States to partner with other
countries in ways that are mutually beneficial through information sharing, cooperative research, and
study by young U.S. researchers at foreign centers of excellence. A suitable U.S. infrastructure is also
needed to compete and collaborate with those groups.

5. High-level Recognition of the Potential

The potential of this technology has not passed unnoticed. Then-Senator Gore held the first hearing on
nanotechnology in 1992. The Defense Department identified nanotechnology as a strategic research
objective in 1997, and NSF has highlighted nanoscale science and technology in its fiscal year 1999
budget. In March 1998, the President’s Science Advisor Dr. John H. Gibbons identified
nanotechnology as one of the six technologies that will determine economical development in the next
century. Dr. Neal Lane, former NSF director, stated at a Congressional hearing in April 1998 that, “If
I were asked for an area of science and engineering that will most likely produce the breakthroughs of
tomorrow, I would point to nanoscale science and engineering.”

Expert opinions in industry and academia (e.g. PCAST, National Academy, industry and professional
organizations) on research needs and opportunities should be collected.

6. A National Initiative: Leading to New Industrial Revolution

Role of Government in nano science and technology: Nanotechnology research is in an early stage
and has several promising results. It is clear that it can have a substantial impact on industry and on
our standard of living. But investments must be made in the basic science and technologies that will
enable scientists and engineers to invent totally new technologies and enable industry to produce cost-
competitive products. Much of the results on nanostructures and nanoprocesses are not yet fully
measurable, replicable or understood, and will require many years to develop corresponding
technologies. Industry is unable in the 3-5 year industrial product time frame to effectively develop
cost competitive products out of current knowledge. Fundamental nanotechnology research and
development is too costly, long-term and risky for private industry to undertake. There are critical
areas of research and development that are being ignored by industry or have significant
underinvestment. Companies will not provide the investment needed to establish the nanoscience
infrastructure and to fund long-term research needed to realize the potential. The fundamental
infrastructure that industry uses to develop new products needs to be strengthened and expanded.

Nanotechnology cannot flourish without strong supporting science programs because of the scale and
complexity of the nanosystems. Nanotechnology research is the USA has been developed in open
competition with other research topics within various disciplines. This is one of the reasons that the
USA research efforts in nanotechnology are relatively fragmented and partially overlapping among
disciplines, areas of relevance, and sources of funding

Therefore, the Federal Government needs to invest in the infrastructure necessary for the United States
to lead and benefit from the revolution that is coming. It needs to expand university and national
laboratory facilities, build the workplace skills necessary to staff future industries based on
nanotechnology, encourage cross-disciplinary networks and partnerships, ensure the distribution and
spread of information, and encourage small businesses to develop the instruments and tools needed.
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Nanotechnology R&D requires long-term investment: Nanoscience and engineering will need a
long-term investment because of the interdisciplinary characteristic, limitations of the existing
experimental and modeling tools in the intermediate range between individual molecules and bulk, and
the need for technological infrastructure. The time from fundamental discovery to market is typically
10-15 years (see for instance the application of magnetoresistance by IBM, and of mesoporous silicate
by Mobil Oil Co.). Historically, industry becomes a major player only in the Iast 3-5 years, when the
investments are much larger than in the previous period but the economic return more certain.
Government Ieadership and funds are needed to establish the infrastructure and research support in the
first 7-12 years. Since major industrial markets are not yet established for nanotechnology products,
the government should also support technology transfer activities to accelerate the long-term benefits.

Technological innovation and commercialization is taking place at an ever-increasing pace. The
enabling infrastructure and technologies must be in place for industry to take advantage of
nanotechnology innovations and discoveries. Industry is frequently reluctant to invest in risky research
that takes many years to develop into a product. In the U.S., the government and university research
system fills this gap. The increasing pace of technological commercialization requires a compression
of past time scales and parallel development of research and commercial products and 2 synergy
among industry, university, and government partners.

The priority research areas for additional funding in FY2001 are:

- Long-term nano science and engineering research that will lead to fundamental
understanding and to discoveries of novel phenomena, processes, experimental and simulation
tools for nanotechnology. This commitment will rival and refocus the government investment
beginning in the 1950s that led to today’s microelectronics, microfabrication, and computer
technology; (Request $75M);

- Synthesis and processing “by design’ of engineered, nanometer-size, material building blocks
and system components, fully exploiting self organization concepts. This commitment will generate
new classes of high performance materials, bio-inspired systems, changes in device design paradigms,
and efficient, affordable manufacturing of high performance products. Novel properties and
phenomena will be enabled, as control of organizational structures of atoms, molecules and clusters
becomes possible; (Request $60M);

- Nanodevice concepts including system architecture research to best exploit their properties in
operational systems, and combining building-up of molecular structures with ultraminiaturization. The
nanodevices will cause paradigm changes such as order-of-magnitude improvements in
microprocessors and mass storage, overall selective drug and gene delivery systems, use of tiny
medical tools that minimize collateral damage; and uninhabited defense combat vehicles in fully
imaged battle field. There will be dramatic payback to programs with National priority including
information technology, nanobiotechnology and medical technology; (Request $58M)

- Application of nanostructured materials and systems to manufacturing, power systems,
energy, environment, national security, and health. Areas of interest include advanced dispersions,
catalysts, separation methods, and consolidated nanostructures; Develop core enabling technologies
such as fundamental molecular scale measurement and manipulation tools and standard methods,
materials, and data that will be applied to many commercial sectors (Request $58M);

- Educate and train a new generation of skilled workers in the multidisciplinary perspectives
necessary for rapid progress in nanotechnology: (Request $10M)
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Common Themes:

Funding modes:

- Need for sustained support to individual investigators and small-groups doing fundamental,
innovative research; Larger investment should be given at the beginning to funding fundamental
research, as well as to development of university-industry-laboratories and interagency partnerships;

- Interdisciplinary and the need for correspondingly appropriate funding modes (interdisciplinary
programs, centers and networks);

- Encourage research and users’ networks; The establishment of 5-10 nanotechnology research centers
similar to the supercomputer centers will play an important role in development and use of the specific
tools in the next decade, and in promoting partnerships. An expansion of the existing NNUN users
network may be considered. Two thirds of the funds will be used for individual and small group
investigators;

- Encourage university-industry-national labs and international collaborations. Knowledge and
technology transfer between universities and industry will be encouraged. Develop enabling
infrastructure so that new discoveries and innovations can be rapidly commercialized by U.S. industry.

Research areas:

- Nanoelectronics and information technology

- Multi-scale, hierarchical modeling and simulation of nanostructures and nanoprocesses

- Development of experimental methods and devices to measure various properties and phenomena at
nanoscale; Combine measurement, manipulation and manufacturing tools;

- Connection to biology (biostructures & bio-inspired systems)

- Synthesis, assembly and processing of nanostructured materials ‘by design’

- System architecture and devices

- Focus on fundamentals that are broadly enabling of many areas of technology and that help industry
to develop new competitive, profitable products that industry would not develop on its own.

Parmerships:

- Among disciplines (small group research)

- Among institutions & types of institutions (e.g., universities, industry, government labs)

- Among countries

- Among U.S. government funding agencies and states; support for complementary activities

- Joint funding and use of centers (facilities)

- International collaborations to promote access to centers of excellence abroad, visits by young
researchers abroad, and bilateral and multilateral agreements

Infrastructure Needs for Nanotechnology: The nanotechnology initiative requires a balanced,
predictable, strong, but flexible infrasiructure to stimulate the further rapid growth of the field. Ideas,
concepts and techniques are moving at such an exceedingly rapid pace that the field needs coordination
and focus from a national perspective. Demands are high and the potential is great for universities and
government to continue to evolve and transition this science and technology to bring forth the changes
in technology that will enable U.S. industry to commercialize many new products in all sectors of the
economy. Even greater demands are on industry to atiract new ideas, protect intellectual property, and
develop appropriate products. This field has major multidisciplinary aspects, which are difficult to
coordinate in a formless fashion. If these issues are not addressed, the United States will fall behind
world developments and, therefore, have difficulty maintaining the economy and quality of life and
security that exist today.

Tools must be provided to investigators in nanotechnology for them to carry out state-of-the-art
research to achieve this potential and remain competitive. The tools will include but not be limited to

13
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such itemms as ion beam neutron and photon sources, instruments for manipulation, new forms of
lithographs, computational capabilities and other systems to characterize the nano-scale systems.
Centers, with multiple grantees or laboratories, where these tools would be available for this support
shonld be established at a level of several million dollars annually. These centers should also have the
diverse research teams that will be effective in different scientific disciplines, We should also
investigate means to achieve the remote use of these facilities. Funding mechanisms that encourage
centers, university, laboratory, industrial collaboration should be emphasized, as well as single
investigators who are tied into these networks. One of the major potential barriers of cooperative
efforts is intellectual property rights. '

Support to single investigators for their competence and imaginative programs should provide a
corresponding level of personnel support and equipment. University grants should encourage work
among research groups to make maximum use of concepts and ideas being developed in other
disciplines. The infrastructure includes building links between researchers, developers and users of
nanotechnology innovations. The initiative will develop critical enabling technologies that will have
significant value added in many industries. The initiative will allow U.S. industry to develop new
profitable products that will maintain and improve our global competitiveness in short (3-5 years) and
long term.

It will be necessary to fund training of students and support of postdocs under fellowships that
will attract some of the best students available. This is extremely important considering the rapid
change in the research. Students should receive multidisciplinary training in various nanotechnology
fields. Both organizational attention and funding should also be devoted to ensuring the open exchange
of information in multidisciplinary meetings and rapid publication of results, through, for example,
workshops and widely disseminated summaries of research.

Because of the fast evolving nature of nano-technology and its importance to our society, the
program management must be flexible with the capability of changes needed. Working groups to make
recommendations to modify the program as it evolves should be supported.
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HEARING ON
Nanotechnology: The State of Nano-Science and Its Prospects for the Next Decade
RESPONSES TO FOLLOW-UP QUESTIONS
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Center for Nanoscale Science and Technology

Rice University

QUESTION1: Several agencies have been working on the development of a new research
initiative on nanotechnology for the FY 2001 budget request. The recommendation is to
double current funding levels over three years.

QUESTION 1.1: Is there a need for such an initiative? Is it timely? What is the
evidence that research ideas are significantly exceeding research support levels?

ANSWER: Nanotechnology is, I believe, critical to the future of most of high
technology. It is the art and science of building at the ultimate level of finesse. Out of
nanotechnology will come the answers, to the extent they are possible, to virtually all our
technological needs. It is timely because the level of development of the underlying
basic sciences of chemistry, physics, biology, electrical engineering, materials science,
and computer engineering has brought us to the point that all these fields see much of
their future in understanding, building, and manipulating at the nanometer scale. It is
timely because it gets the juices flowing in our youngest, brightest scientists and
engineers. They want to do it.

A major national initiative in nanotechnology will embolden the current generation of
young American scientists and engineers, and it will inspire the next generation, the one
that is now still in grade school and high school. For this reason alone, it is important
that this nanotechnology initiative of our federal government be a major, bold statement.
That statement has the power to inspire our youth.

QUESTION 1.2: What are the main research opportunities that ought to be
addressed?

ANSWER: Nanotubes made of carbon offer amazing advantages in a wide range of
technologies. In addition to their incredible strength (~ 100 stronger than steel at /6%
the weight) and toughness, they are uniquely good as electrical conductors on a true
molecular scale. As such they have the power to revolutionize virtually every technology
where electrons flow — from computers, to power generation, storage and transmission, to
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nanoscale sensors and probes. This one topic alone, carbon nanotechnology, is of
sufficient breadth and impact to justify a major national initiative at the $100M/yr level.

The general topic of assembly of functional structures on the nanometer scale is key.
Carbon nanotubes, nanospheres (buckyballs) and other nano objects made of elements
like silicon and cadmium selenide are fascinating, but they are themselves just building
materials. They must be assembled into macroscopic 3D structures before they can have
a major impact on our lives. Any new nanotechnology initiative for our country must
have assembly as a central emphasis.

The interface between molecular biology and entirely artificial nanostructures is
particularly fertile. In coupling to molecular biology we are joining forces with the most
powerful nanotechnology yet developed, so it is reasonable to expect that much will be
learned, and much that is new and powerful will be developed. The human need for
cures to major diseases, for food and a clean environment will drive research on the
biotechnology side of nanotechnology for many decades to come.

Molecular scale electronics -- nanoelectronics — is one of the most intriguing, potentially
society-changing technologies now in its infancy. It should be included within the
nation’s nanotechnology initiative.

QUESTION 2: What are the fields in which we will see the most significant applications of
nanotechnology and in what time frame do you predict we will see the full benefits?

ANSWER: Aside from medicine (see below, question # 5) where the effects of nanotechnology
are already beginning to be apparent and will ultimately be vast, I believe we will see the
following major advances.

(a) Nanoelectronics. In the early years (within the next 5-15 years) a major enhancement of
microelectronics (computers, communication equipment of all kinds, consumer electronics,
detectors, sensors, probes) will come by adding in nanoscale components. Included here
will be flat panel displays for TV’s etc. that are cheap and cover, if desired, an entire wall.
Quite possibly these displays will be made as flexible as cloth. Also, it is likely that within
the next decade nanotechnology will enable vast memories for computers and entertainment
electronics (e.g. 2 2 hour movie stored on a device the size of a penny). ~ Within the next
20-30 years I expect that silicon-based microelectronics may be replaced almost entirely by a
largely carbon-based nanoelectronics.

(b) Energy storage. Within the next 10-15 years nanostructured electrochemical batteries
(particularly lithium ion batteries) are likely to be perfected to the point that all-electric
vehicles will finally be economically competitive in all aspects with conventional internal
combustion technologies. Within a similar period of time, the hydrogen storage problem
should be solved, again critically enabled by precisely nanostructured materials. These
devices will permit hydrogen to be safely used as the fuel for all sorts of vehicles and other
applications. Nanotechnology is also on the critical path for the perfection of fuel cells so
that this hydrogen gas can be converted cleanly and efficiently to cheap electrical power.
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(¢) Electrical Power Transmission. In the next 10-20 years nanotechnology will enable the

replacement of the aluminum high-tension power transmission lines throughout our country
with coaxial cables made of carbon nanotube conductors. The result will be that there will
no longer be a lowering of property values for those of us who live next to power lines.
There will be no more hum and buzz, and there will be no more concern that low frequency
radiated power is damaging to our health. All this will be true because the great strength,
light weight, and high thermal and electrical conductivity of carbon nanotubes makes
practical a cable design that surrounds the high voltage core with a grounded sheath that
eliminates all electric effects outside the cable. From the power industry’s perspective, the
new nanotech cables will be a delight, because they will enable vastly more power to be
transmitted through existing corridors, thereby eliminating the huge cost and political stress
of obtaining new right-of-way.

(d) Biocompatible Membranes and Coatings. Within the next 5-10 years nanotechnology will

solve the problem of biocompatibility and long-term survivability of implanted devices.
Oriented membranes of specially grown carbon nanotube fibers may turn out to be the
critical breakthrough.

(e) Sensors. A wide variety chemical and biological sensors and analyzers will almost certainly

®

hit the market within the next 5-10 years, all of which have nanotechnology at their core.
These devices will, in many cases, comprise an entire chemical analysis laboratory on a
single chip of silicon, with all the computer analysis of the data built in.

Solar Energy. Nanotechnology will ultimately provide the answer to the question of how to
make solar energy so cheap on a massive scale that it will replace oil, gas, and coal
worldwide as the dominant energy source. Photovoltaics based on silicon have come a long
way, but it is unlikely they can ever provide the answer on the scale that is needed to replace
fossil fuels. How long it will take to make the critical breakthroughs with a true nanoscale
approach, no one can yet say. Twenty years seems reasonable, if we start now. I'm betting
on antenna arrays based on carbon nanotube technology, but there are many other
possibilities.

(g) Super-strong Materials for automobiles, trucks, building construction, bridges, aircraft,

rockets, spacecraft, etc.  Within the next 10-20 years the amazing properties of carbon
nanotubes (100 x stronger than steel at 1/6 the weight, with no corrosion) and their boron
nitride counterparts will begin to hit these large volume, critically important markets. The
carbon nanotubes are already being made in small amounts. Boron nitride nanotubes and
fibers will be nearly as strong, and much more resistant to oxidation — a critical factor for
aerospace applications in such areas as rocket and jet engine exhaust structures and the
leading edges and near surfaces exposed to high temperatures on re-entry to the earth’s
atmosphere.

QUESTION 3: What other nations have significant research programs on nanotechnology
and how do they rank relative to the US?  Are there particular subfields in which other
countries are more advanced than the US?
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ANSWER: Japan, Korea, Taiwan, China, France, Switzerland, Holland, Germany, the United
Kingdom, and the European Union all have major programs in some form of nanotechnology.
At the moment I do not believe we are far behind in any critical area, but neither are we more
than a few years ahead.

QUESTION 4: One reason for our country’s economic strength is our ability to move
science from the lab to the marketplace. What are the engineering problems that need to
be surpassed in order to move nanotechnology from the lab to a state of mass production?
How would the proposed Nanotechnology Initiative address these problems?

ANSWER: I believe we are doing fine in this area. The American business climate is very
entrepreneurial, and very hungry for new high technology.

QUESTION 5: How significant will the impact be of nanotechnology on medicine and
health care?

ANSWER: This is, at least superficially, an easy question. The high tech, high impact frontier
of medicine is already rooted in nanotechnology. Ever since the middle of this century as the
molecular basis of biology has become increasingly understood, we have realized that all of the
mechanical aspects of how life works are due to a magnificent nanotechnology within the cell.
Much of the future of medicine will be limited by just how sophisticated we can become in
detecting what is going on inside and on the surface of these cells -- these wet bags chock full of
nanomachines all busily going about the business of life -- and in changing what we find there.
[t is all nanotechnology.

Elimination of most forms of disease, and extension of the length and vitality of life for most
people towards an average life span of 100 years, all seem possible to achieve within this next
century.

QUESTION 6: In a scientific field as new and diverse as nanotechnology research, how
would you formulate and implement an effective peer review process for selecting which
research projects will be funded? How would a peer review process for nanotechnology
research funding differ from NSF’s normal peer review process?

ANSWER: This is a critical question. Any new funding program for nanotechnology has the
danger of being absorbed by already well-funded, on-going research that is simply relabeled
business as usual  After all, the study of things composed of atoms is what chemistry,
biochemistry, biology, medicine, materials science, atomic and condensed matter physics,
geology, etc. have always been about. To minimize this problem there needs to be a clear
definition of what sort of nanotechnology is to be emphasized.

Putting it in the plainest of terms, I suggest that the initiative focus on “building stuff that does
stuff on the nanometer scale”.
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Here the key aspects are imbedded in the verbs “building” and “does”™. The nouns and adjectives
“stuff” and “nanometer” are the parts of the definition of nanotechnology that virtually all
business-as-usual science and engineering research can connect to. But the verbs carry the real
story. Research funded by the new panotechnology initiative should be focused on how to build
functional nano-objects: stuff that does stuff. What we have in mind is molecularly precise
engineering. In fact an interesting alternative title for the nanotechnology initiative would
simply be “molecular engineering™.

The new nanotechnology program should also fund work that helps us “see” what is being built
on the nanometer scale, together with theoretical work that helps us understand what is
happening on this length scale, and work that leads to methods of manipulating nano-objects, and
assembling them into functional structures on the micron or millimeter scale.

1 am not a great fan of peer review. There is too much herd mentality involved. For the people
that ought to be funded, the reviewers are rarely true peers; and those that are true peers are
generally too personally involved as competitors to offer an objective assessment. I believe that
individual funding agents within the NSF and other agencies should be given authority to award
at least 50% of their funds to which ever group they see fit, regardless of the outcome of peer
review. Along with this authority should come accountability. Reward the outcomes, both for
the researchers that actually make the breakthroughs, and the funding agents that picked them
initially and nurtured them over the years. This system will attract a much better quality of
scientist and engineer to the critical role of choosing which research to fund for our nation.

Finally, I urge that these new funds for nanotechnology not be burdened by other agendas. The
new funds should be spent moving the high-tech frontier absolutely as far forward as possible.
The NSF in particular has recently become a center of political correctness, to the point that
many of us believe that social engineering is, de facto, its principal agenda. While there is nearly
universal enthusiasm among scientists in the US for improving the education system, the role of
minorities, the environment, and coupling with industry, the number one priority of the NSF
must be the advancement of science and technology,  This number one priority must not be
overridden. Other agencies of the US government can address the social engineering issues.

QUESTION 7: What is the state of the human resource base available fo the US to conduct
research in the field of nanotechmology, in terms of research faculty at universities,
industrial researchers and graduate students?

ANSWER: We are in reasonably good shape as long as the US remains in the forefront of high
technology. Throughout this century US science and technology has prospered because we were
open 1o the participation of foreign-born scientists, particularly since the Second World War.
We must keep ourselves open. Science and technology move fast as a worldwide enterprise. We
will stay in the forefront if we remain the most open, most collaborative, most innovative high
tech society.

QUESTION 8: How would advances in nanotechnology improve American agriculture?
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ANSWER: Biotechnology is already a form of nanotechnology. The new genetically
engineered crops and new pesticides are examples of what should certainly be classed as
nanotechnology. Beyond the continued development along these already established lines,
consider the impact of, for example, a vastly cheaper desalination processes. The membrane that
separates the salt works because of the way it is structured on the nanometer scale. Aside from
the price of the energy needed to power the desalination plant, it is the efficiency of this
membrane that determines the cost. The perfection of this membrane is a task for
nanotechnology.

QUESTION 9: Dr. Merkle points out that many researchers think self-replication will be
the key to unlocking nanotechnology’s full potential as a robust manufacturing technology.
Could artificial self-replicating systems pose unique risks?

ANSWER: Yes. Self-replication is a very powerful ability. In Nature’s own nanotechnology,
information-controlled replication is critical to the essence of life. ~As we learn to modify the
machinery in living cells, hoping to make improvements, we will be making self-replicating
systems that are to some extent “artificial”, and we will have to be careful what sort of beast we
have created.

However, I am confident that the sort of computer-controlled, self-replicating, mechanical
nanoassemblers I suspect Dr. Merkle had in mind when he made his comments will never be
feasible in the tiny, “artificial bacteria” form that would be dangerous.

This notion of mechanical self-replicating nanoassemblers stems back to a delightful little book
written by Eric Drexler in 1986, and titled “Engines of Creation”. The book makes great
reading, and ] recommend it heartily, together with Drexler’s subsequent books, in particular his
1991 book written with Chris Peterson and Gayle Pegamit, titled “Unbounding the Future — the
Nanotechnology Revolution”, because they do dramatize effectively the tremendous potential
technologies that will emerge as we learn to craft objects with atomic precision.

In “Engines of Creation” Drexler imagines mechanical robots the size of bacteria that can build
anything on computer command, including themselves. As Drexler himself discusses even in his
first book, these nanoassemblers could easily get out of hand. All they need is energy, a supply
of the right kind of atoms, and information about what it is they are to build. The atoms can be
provided as molecules in solution, and both the necessary energy and the information can be
transmitted to each assembler by radio waves. The first instruction they are given is to build a
replica of themselves. Since they, by definition, can build anything, they quickly accomplish
their first assigned task, and now wherever there was one, there are now two. After many such
replication cycles, there are billions of identical assemblers. Even though each one is tiny and
can only produce a tiny amount of product each day, billions of assemblers working in concert
can make tons — of anything. Effectively these nanoassemblers would be a new life form. If
they can receive and make sense of information, there isn’t much keeping them from
communicating with one another, and evolving their own sort of intelligence.
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Such “Drexlerian Nanotechnology” makes great reading, and neat special effects in movies, but
it will always remain a fantasy. It is just a dream. There are simple facts of nature that prevent it
from ever becoming a reality.

Building a molecularly perfect structure atom by atom is not like building a house brick by brick.
Atoms stick to each other in complex ways that rearrange spontaneously in billionths of a
second. You can’t just put a new atom in and expect the other atoms in the near vicinity to stay
in the same place while you go fetch another. In order to determine precisely what happens you,
have to control each the typically 5-20 atoms or so in the local region (the atoms that are be
bonded directly to the new atom, and the next-nearest neighbor atoms as well), roughly in the
volume of a cube 1 nanometer on a side. In Drexlerian mechanical nanotechnology this would
have to be done by the “fingers” of some nano-robot’s arm. The fingers themselves must, of
course, be made of atoms. In the vital one-nanometer cubic volume where this is to be done
there simply is not enough room to fit even the tiniest of fingers, let alone the many fingers
necessary to really control the assembly perfectly. In addition there is the problem of letting go
of the new atom when it is in the desired place. Fingers that themselves are made of atoms are
“sticky”. Mechanical robots just won’t work at the atomic scale as universal assemblers.

What is needed at the end of the robot arm is a catalyst—an assembly of tens to hundreds or
thousands of atoms that will interact in subtle ways with all the atoms near the reaction site, and
trigger just the precise chemistry that is desired, adding a new atom or small group of atoms.
Far from being a universal assembler, this catalyst must be specially engineered to do just the
chemistry needed at the moment. To do something else, another catalyst is necessary. This is
how Nature works. The nanoassemblers inside our cells, the enzymes, are each exquisitely
designed to do a certain chemistry. When the cell needs that chemistry performed, it generates
the required enzyme. When they are no longer needed, they are destroyed (by other enzymes).
Chemistry—the building of objects with molecular precision—is an irreductably subtle business.
It needs catalysts. There is no other way.

So for a robot assembler to be truly universal for nanoscale assembly, it would need a vast array
of catalyst tips that it can interchange when necessary. The result is that the size and complexity
of the gadget is enormously increased. It is no longer possible (if it ever was!) to build one of
these robots as small as a bacterium. Because the robot must frequently change catalyst tips, the
speed at which it can work is vastly slowed. If the robot assembler is only building one atom at a
time, the product of any one robot will be negligible. And now we cannot make up for this by
having billions of robots working at the same time — they are just too big.

Even though Drexler’s early vision of nanotechnology seems, at least to me, to be in its essential
details hopelessly naive, assemblers of some sort will certainly be built, and they will assemble
wonderful things. They won’t be universal assemblers, they won’t self-replicate, and they
almost certainly won’t be as small as bacteria.
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Abstract

For centuries manufacturing methods have gotten more precise, less expensive, and more
flexible. These trends are likely to culminate in the next few decades with the development of
nanotechnology, a manufacturing technology able to inexpensively fabricate, with molecular
precision, most structures that are consistent with physical Jaw. Such a manufacturing technology
will provide pervasive benefits across the economy and be critical to our military preparedness
and economic competitiveness. Developing it will require basic research to elucidate the goals
and developmental pathways. Because this research is beyond the planning horizon and
resources of almost all companies government involvement could well play the critical role in its
timely development.
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Introduction

For centuries manufacturing methods have gotten more precise, less expensive, and more
flexible, In the next few decades, we will approach the limits of these trends. The limit of
precision is the ability to get every atom where we want it. The limit of low cost is set by the cost
of the raw materials and the energy involved in manufacture. The limit of flexibility is the ability
to arrange atoms in all the patterns permitted by physical law.

Most scientists agree we will approach these limits but differ about how best to proceed, on what
nanotechnology will look like, and on how long it will take to develop. Much of this
disagreement is caused by the simple fact that, collectively, we have only recently agreed that the
goal is feasible and we have not yet sorted out the issues that this creates. This process of
creating a greater shared understanding both of the goals of nanotechnology and the routes for
achieving those goals is the most important result of today’s research.

The Goal

Nanotechrology (or molecular nanotechnology to refer more specifically to the goals discussed
here) will let us continue the historical trends in manufacturing right up to the fundamental limits
imposed by physical law. It will let us make remarkably powerful molecular computers. It will
let us makes materials over fifty times lighter than steel or aluminium alloy but with the same
strength. We'll be able to make jets, rockets, cars or even chairs that, by today’s standards, would
be remarkably light, strong, and inexpensive. Molecular surgical tools, guided by molecular
computers and injected into the blood stream could find and destroy cancer cells or invading
bacteria, unclog arteries, or provide oxygen when the circulation is impaired.

Nanotechnology will replace our entire manufacturing base with a new, radically more precise,
radically less expensive, and radically more flexible way of making products. The aim is not
simply to replace today’s computer chip making plants, but also to replace the assembly lines for
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cars, televisions, telephones, books, surgical tools, missiles, bookcases, airplanes, tractors, and
all the rest. The objective is a pervasive change in manufacturing, a change that will leave
virtually no product untouched. Economic progress and military readiness in the 21st Century
will depend fundamentally on maintaining a competitive position in nanotechnology.

Self Replication and Low Cost

Many researchers think self replication will be the key to unlocking nanotechnologies full
potential, moving it from a laboratory curiousity able to expensively make a few small molecular
machines and a handful of valuable products to a robust manufacturing technology able to make
myriads of products for the whole planet. We know self replication can inexpensively make
complex products with great precision: cells are programmed by DNA to replicate and make
complex systems -- including giant redwoods, wheat, whales, birds, pumpkins and more. We
should likewise be able to develop artificial programmable self replicating molecular machine
systems -- also known as assemblers -- able to make a wide range of products from graphite,
diamond, and other non-biological materials. The first groups to develop assemblers will have a
historic window for economic, military, and environmental impact.

What needs to be done

Developing nanotechnology will be a major project -- just as developing nuclear weapons or
lunar rockets were major projects. We must first focus our efforts on developing two things: the
tools with which to build the first molecular machines, and the blueprints of what we are to
build. This will require the cooperative efforts of researchers across a wide range of disciplines:
scanning probe microscopy, supramolecular chemistry, protein engineering, self assembly,
robotics, materials science, computational chemistry, self replicating systems, physics, computer
science, and more. This work must focus on fundamentally new approaches and methods:
incremental or evolutionary improvements will not be sufficient. Government funding is both
appropriate and essential for several reasons: the benefits will be pervasive across companies and
the economy; few if any companies will have the resources to pursue this alone; and
development will take many years to a few decades (beyond the planning horizon of most private
organizations).

We know it’s possible. We know it’s valuable. We should do it.
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Introduction

A new manufacturing technology looms on the horizon: molecular nanotechnology
(http://nano.xerox.com/nano). Its roots date back to a 1959 talk by Richard Feynman
(http:/nano.xerox.com/nanotech/feynman.html) in which he said, "The principles of physics, as
far as I can see, do not speak against the possibility of maneuvering things atom by atom. It is
not an attempt to violate any laws; it is something, in principle, that can be done; but in practice,
it has not been done because we are too big."

In the last few years the idea that we should be able to economically arrange atoms in most of the
ways permitted by physical law has gained fairly generai acceptance. This can be viewed as
simply the culmination of a centuries-old trend: the basic objectives of manufacturing are lower
cost, greater precision, and greater flexibility in what can be manufactured: as the decades have
gone by, we've gotten better and better at it. The limit of low cost is set by the cost of the raw
materials and energy involved in manufacture, the limit of precision is the ability to get every
atom where we want it, and the limit of flexibility is the ability to arrange atoms in whatever
patterns are permitted by physical law. While it seems unlikely that we will ever completely
reach these limits, the objective of molecular nanotechnology is to approach them.
Manufacturing costs should be low - a dollar a pound or less - almost regardless of what is being
manufactured. Almost every atom should be in the right place - while background radiation
limits this, error rates of a single atom out of place among many tens of billions seem feasible in
properly designed structures under “normal"” conditions. And finally, we should be able to make
most of the stable structures that are consistent with physical law. As structures become less
stable they become more difficult and arguably impossible to make, but this still leaves a vast
space of possible structures that are beyond the reach of current methods. In addition, some
structures might be stable if only we could make them, but all intermediate states would be
unstable. Drexler, for example, has argued that the molecular equivalent of a stone arch
(http://www foresight.org/EOC/EOC References.html#0025) would be unstable unless all its
pieces were in place. The final result would be stable, but all synthetic pathways leading to this
result would have to pass through an unstable state, making synthesis impossible.

While the broad objective has gained acceptance, as a community we have still not agreed on
how best to proceed, nor on what this future technology will look like, nor on how long it will
take to develop. The purpose of this paper is not primarily to focus on specific technical
approaches, but to ask, "What do we need to do, as a community, to speed the development of
this new technology?"
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The Goal

Before going further we need to make sure we are in broad agreement about the goal. Molecular
nanotechnology should, by definition, permit us to manufacture (among other things) molecular
computers with mole quantities of switches, connected in the intricate patterns required by
today’s complex computers, at a cost of perhaps a dollar a pound (or less). Today's computer - if
we weigh the thin layer on top of a computer chip - costs tens of millions of dollars per pound.
This thin layer, only a few microns thick, contains almost all the complexity of the modern
computer. The rest of the wafer is mere sand, dragged along as a convenient mounting platform
for the active region but doing little else. Viewed in this light, lithography falls woefully short of
the cost goal. Molecular nanotechnology should let us extend this very thin and complex layer
into three dimensions while greatly shrinking the size of the switches. It should let us position
dopant atoms at specific lattice sites (chosen by design to optimize device function) while
simultaneously keeping the manufacturing costs as low as the manufacturing costs of a piece of
wood.

Besides computers, molecular nanotechnology should let us make inexpensive materials with a
strength-to-weight ratio similar to that of diamond. These would have wide ranging applications
in structural and load bearing applications. Manufactured with precisely the desired shape and
structured at the molecular scale to optimize material properties, we should be able to make a jet,
arocket, a car or even a chair that would, by today’s standards, be remarkably light, strong, and
cheap.

The objective of molecular nanotechnology is not simply to provide a few new products nor to
greatly enhance the performance of some select high-tech devices, but to replace essentially the
entire existing manufacturing base with a new, radically less expensive, radically more precise,
and radically more flexible way of making products. The aim is not simply to replace today’s
lithographic fabrication facilities to let us make better computers, but also to replace the
assemnbly lines for cars, televisions, telephones, books, bookcases, airplanes, tractors, etc, The
objective is a pervasive change in manufacturing, a change that will leave virtually no product
untouched.

It Will Take a Lot of Work

Tt seems likely that the development of such a capability will require (a) time and (b} resources.
The development of nuclear weapons took billions of dollars and a very focused development
project. The Apollo program likewise took a focused effort over many years and billions of
dollars in money and vast amounts of creative talent. The development of the computer industry,
while following a very different pattern (private versus governmental, incremental "pay as you
go" versus large up-front funding), also involved major funding and many years.

It is too early to say exactly what pattern the development of molecular nanotechnology will
follow, but it is not too early to say that it is likely to require major resources. Whoever makes
the decision to commit those resources is unlikely to do so unless there is a clear picture of both
the goal and how to achieve it.

Suppose a hypothetical funder came to the research community today and said, "Molecular
nanotechnology has a very high payoff, and I wish to start 2 major new program in the area.



83

What should I do? What should I fund?" The answer, today, would be a chorus of voices tugging
in all directions.

Perhaps our hypothetical funder would fund all the different approaches. This was the basic
strategy used to develop nuclear weapons. But that was a war-time effort motivated by panic and
the fear of annihilation. A more likely scenario is that our hypothetical funder would say, "You
are all saying different things - I won fund a major new project until at least some substantial
fraction of you have reached agreement about what to do.”

What, then, is the key to developing molecular nanotechnology? Developing agreement about
what it is and how to achieve it. How can we develop agreement? As a first step we must
explicitly pursue research into the question, "What would a molecular manufacturing system
look like?"

Self Replication and Low Cost

Take the issue of manufacturing cost. This is a primary objective of molecular nanotechnology.
One way to keep manufacturing costs down would be to develop self replicating manufacturing
systems (hitp://nano.xerox.conynanotech/selfRep.htmi). The development of self replicating
systems seems like a daunting task, so it is natural to ask if there are alternative ways of
achieving the cost objective. To date, no alternative of similar effectiveness has been proposed.
As noted earlier, lithography is perhaps seven orders of magnitude too expensive. Other
approaches fall short in terms of the range of things they can make, or in terms of the precision
with which they can make them. Bulk chemicals are produced today at relatively low cost, but
the range of molecular structures that can be made this way is very limited. Lithography can
make a great many patterns on a surface, but not with molecular precision. While self assembly
is a powerful approach, the direct manufacture of (for example) a diamond rocket by self
assembly seems implausible (while seif assembly is likely to be important if not crucial in
developing nanotechrology, it can still only make an extremely small fraction of what is
possible).

It would seem that either (2) we will develop artificial self replicating systems or (b) we will not.
If we do, then we can address the issue of manufacturing cost. If we do not, we must seek an
alternative - and no alternative of similar effectiveness has yet been proposed.

It is worth noting that we already have self replicating systems of the biological variety. Such
systems can already make desirable materials. Wood, for example, is relatively low cost and
provides a reasonable strength to weight ratio. Using a programmable protein synthesizer (a.k.a.
a ribosome), these self replicating cells can synthesize many compounds. Biological approaches,
though, can make but an infinitesimal drop in the vast ocean of the possible. Shall we turn our
backs on that ocean? Diamond semiconductors, materials that resist high temperature, structural
materials with the strength to weight ratio of diamond, and a host of other examples do not seem
to fall within the range of structures that biological systems can directly make.

If we pursue artificial self replicating systems, what do they look like? What are the principles on
which they are based? How complex will they be? These and other questions must be
systematically addressed, with a confidence and at a level of detail that lets us base major
investments on the answers. {While the author has written several articles about self replicating
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manufacturing systems (http://nano.xerox.com/nanotech /selfRep.html) and has no doubt that

they will play an essential role in future molecular manufacturing systems, the point here is that
individual conclusions, regardless of how sound, aren't enough. Some substantial portion of the
research community must address the issues and reach at least rough agreement about the
answers).

If self replication is the right approach and we fail to pursue it, we'll make no further progress. If
it’s the wrong approach we must develop an alternative. No plausible alternative has been
proposed which could simultaneously achieve the three objectives given above: low cost,
molecular precision, and great flexibility in what can be made. Investigations to date strongly
support the feasibility of programmable self replicating systems. The obvious strategy is to
investigate this approach in greater depth.

Molecular Modeling

If we wish to accomplish that which is new, we must at some point discuss what we have not
(yet) done. If what must be done is relatively complex (a self replicating system, for exarmple},
then we must be prepared to spend substantial time and effort discussing things that have not
been made and will not be made for many years.

At the same time, we must take steps to insure that our discussions of what hasn't been done
remain focused and do not drift into abstract errors and vague generalities.

Fortunately, we have a tool at hand for dealing with this: molecular modeling
(hutp://nano.xerox.com /nanotech/compNano html). We know the laws of physics, and we do not
expect them to be substantially in error as we apply them to molecular systems under
“"reasonable” conditions. The applicability of Schrodinger’s equation to molecular machines is
unlikely to change in the next several decades. We do not need, nor do we expect, any major
revolutions in physical law. Our goal ard our desire is to develop molecular machines that arc
feasible with respect to known and well understood physical law. While physical experiments let
us explore a tiny fraction of what is possible, they cannot let us investigate what we do not yet
know how to make.

Molecular modeling can be used to probe systems that have already been built (allowing us to
check the accuracy of the models), systems that might soon be built (letting us inexpensively
explore alternatives) or systems that won't be built for many years (again letting us inexpensively
explore alternatives, but on a longer time horizon).

If the key to progress is developing a shared understanding of the approach or approaches which
are worth pursuing, as well as some shared vision of the goal; and if the goal cannot be achieved
without many years of work, then we must adopt a disciplined method of analyzing the
alternative ways of achieving the objective. Molecular modeling is a major component of that
discipline.

Modeling an Assembler

To sharpen the focus on this idea of modeling future molecular machines with present molecular
modeling methods, let us consider the design of an assembler
(http://nano.xerox.com/nanotech/nanod /merklePaper.html). Such a device is able to make copies
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of itself - hence achieving low cost - and can be programmed to build a wide range of useful
structures. The term "assembler” actually encompasses a rather large family of possible designs.
For our purposes, we wish to consider the simplest assembler able to achieve certain core
objectives: make a copy of itself, and make a wide range of hydrocarbon structures (including
diamond and graphite) under program control.

If we are to build an assembler, than at some point we must completely specify it: we must
specify the location and element type of every atom. Interestingly enough, it should be possible
to design and model such an assembier using computational chemistry software and computing
hardware that are either presently available or could reasonably be developed in the near future
(a few years). Molecular mechanics and dynamics models would be used to analyze the behavior
of the mechanical components, while ab inifio quantum chemistry models would be used to
analyze the reactions involved (e.g., the making and breaking of chemical bonds). Some
potential energy functions (such as Brenner’s potential) are able to model bond formation and
bond breaking. They would be used to do molecular dynamics on the chemical reactions where
they were applicable.

Some of the reactions that will likely be involved in the synthesis of diamond have already been
modeled. One example is the hydrogen abstraction tool

(http://nano xerox.com/nanotech/Habs/Habs.html), which has been modeled by several groups
using both ab inirio and molecular dynamics methods. Other components have been proposed,
discussed, and modeled in varying levels of detail. This process can clearly be extended.

It is useful to emphasize that a design for an assembler is not the same as having an assembler.
An assembler can build another assembler, but this presupposes the prior existence of an
assembler. We must still build the first one using existing technology. This presents a separate
design challenge - but a design challenge that can also be addressed by molecular modeling.

The Alternatives

If we are to develop molecular nanotechnology, it would seem that one of the significant tasks is
to systematically investigate the various ways of achieving its basic objectives. Is this a
reasonable course of action? Again, using self replication as an example, we need to ask: what
are the available alternatives? To date, the only proposals for molecular manufacturing systems
involve self replication. The obvious approach is to analyze in greater depth the proposals that
have been advanced. If we hesitate to pursue this approach then we should explicitly seek
alternatives and then analyze them to see if they are as effective at achieving the desired
objectives.

If molecular nanotechnology is feasible within the existing framework of physical law - and that
seems to be the predominant opinion - then unless {a) we expect physical law will change or (b)
we expect molecular manufacturing systems will be easily developed without great effort, then
the obvious strategy is to (c) begin the patient task of exploring the space of possibilities,
winnowing out the approaches that either dont work or fail to achieve one (or more) of the
objectives, and focus on the approaches that look like they should work. And when we've
explored the possibilities, studied the alternatives, determined what is possible and rejected what
is impossible - when we can see a clear path from where we are today to where we wish to be in
the future - then we can begin in earnest.
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Foresight Guidelines on Molecular Nanotechnology

Monterey Workshop Draft 3.2
June 17, 1999

Background

These guidelines were developed during and after a workshop on Molecular
Nanotechnology (MNT) Research Policy Guidelines sponsored by the Foresight Institute
and the Institute for Molecular Manufacturing (IMM). The workshop was conducted over
the February 19-21, 1999, weekend in Monterey, California.

Participants included: James Bennett, Greg Burch, K. Eric Drexler, Neil Jacobstein,
Tanya Jones, Ralph Merkle, Mark Miller, Ed Niehaus, Pat Parker, Christine Peterson,
Glenn Reynolds, and Philippe van Nedervelde. In spite of the diversity of briefing
materials and views represented at the workshop, the participants discussed the technical
and policy issues with both intensity and civility. While any one participant might have
preferred more or less emphasis on a particular issue, the group was able to converge on a
comron set of draft guidelines for the development of MNT.

The Foresight Guidelines (“the Guidelines™) include assumptions, principles, and some
specific recommendations intended to provide a basis for responsible development of
molecular nanotechnology. The group agreed to review the Guidelines among
themselves, and then release them on the WWW for review by the larger Foresight
community. The intention is to eventually release the Guidelines for general distribution
on the web, and in magazine and book publications. The goal 1s to get the Guidelines
endorsed and adopted by organizations sponsoring MNT research and development
projects, and to inspire effective self-regulation wherever necessary and possible.

The MNT community recognizes that the developing technology of Molecular
Manufacturing will open an unprecedented new set of technical and economic
opportunities. It is the considered judgment of the participants in the Foresight/IMM
Workshop (the Workshop), that MNT also represents an unprecedented set of military
security and environmental threats that should not be ignored.

The participants in the Workshop believe that any future discussions on this subject
should include discussion of the economic and environmental benefits of MNT, as well
as the potential problems. In particular, we did not want the need for some controls to
prevent the responsible development of the technology. Rather than have reflexive, or
poorly informed controls imposed upon the MNT R&D process at some later date, we
elected to recommend a set of self-imposed controls that seem appropriate, given what
we know today. The NIH Guidelines on Recombinant DNA technology are an example
of a similar action taken by the biotechnology community almost 25 years ago. Those
guidelines were so well accepted that the privately funded research community has
continued to submit research protocols for juried review, in spite of the fact that it was
optional for them to do so. In addition, although the guidelines have been progressively
relaxed since they were first released, they did achieve their intended effect.
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Another goal of the Workshop members was to educate MNT researchers about the
potential benefits and risks of the technology, and introduce development guidelines into
professicnal associations, such as Foresight, IMM, and possible industrial consortiums.
We noted that the “moral repugnance” associated with biological weapons may have
attenuated their development and use, in spite of the fact that they are relatively easy to
make and deploy (Cole, 1997). Our goal was oriented towards specific development
principles and guidelines that would actually prove useful to developers.

Effective enforcement will require priorities for enforcement. For example, an
enforcement agency might attend to: 1) highest promise of cheap fixes, substitutions, or
technological control options; 2} visible consequences to enhance agency credibility; 3)
invisible consequences to ensure they get priority set by hazard level; 4) chronic long
term consequences, rather than short term consequences; and 5) any theoretically
possible, but unlikely catastrophic consequences.

Overall, the goal is to accelerate the development of peaceful and environmentally
responsible uses of the technology. This includes capturing the environmental
opportunity for designing energy efficient and zero emission manufacturing and
transportation technologies.

The Guidelines must be a living document subject to modification and revision. They
must also be enforced via a variety of means, possibly including quarterly lab
certifications, randomized open inspections, and stiff legal and economic penalties for
violations. We accept that enforcement is inherently imperfect, but the deterrent effect of
unpredictable inspection, combined with predictable and swift consequences for
violations, is probably better than doing nothing.

Preamble

The term “Molecular Nanotechnology” (MNT) refers to the ability to program matter
with molecular precision, and scale this ability to three-dimensional products of arbitrary
size. This developing technology presents an unprecedented new set of technical and
economic opportunities. The opportunities include: the development of inexpensive and
abundant diamondoid building materials with a strength-to-weight ratio 50 times greater
than titanium, the possibility of widespread material abundance for all the Earth’s people,
the development of revolutionary new techniques in medicine, and the opening of the
space frontier for development. Along with these new capabilities come new risks, and
new responsibilities. The acceptance of these responsibilities is not optional. MNT also
represents an unprecedented set of military security and environmental threats. Dealing
with these concerns proactively may be critical to the positive economic development of
the field.

Future discussions of this subject should include detailed consideration of the economic
and environmental benefits of MNT, as well as the potential problems. In particular, the
need for some controls should not prevent the responsible development of the
technology. Rather than have reflexive, or poorly informed controls imposed upon the
MNT R&D process, the developing MNT R&D community and industry should adopt
appropriate self-imposed controls, formulated in light of current knowledge and the
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evolving state of the art. The possibility of the necessity for additional controls remains
an open question, and its resolution may depend to some extent on the success of
voluntary controls.

Experimenters and industry should have the maximum possible opportunities to develop
and commercialize the molecular manufacturing industry. In addition, MNT should be
developed in ways that make it possible to distribute the benefits of the technology to the
four fifths of humanity currently desperate to achieve material wealth at any
environmental or security cost. Providing technical abundance alone cannot make a
people wealthy and secure. This also requires education, and social arrangements
described as a high-trust, civil society. Technological abundance can alleviate conflicts
that stem primarily from rivalry over resources. Reducing this specific cause of conflict
would make the world more secure than it is today. The release from bare economic
subsistence could enable billions of people to take advantage of the emerging global
classroom over the World Wide Web. This education effect could compound the positive
environmental and security benefits of MNT.

Effective means of restricting the misuse of MNT in the international arena should be
developed. A treaty that adds MNT to the list of technologies including Chemical,
Biological and Nuclear Weapons might seem appropriate, but it could lead to the
unintended consequence that only the U.S. and other rule following nations would be at a
competitive disadvantage for countering new weapons of mass destruction. There are
reasonable arguments on both sides of the treaty question. However, at this time, the
MNT community does not endorse any specific initiative to address MNT safety and
security concerns through treaty arrangements.

MNT researchers and developers have an obligation to explore the potential benefits and
risks of the technology, to introduce development guidelines into professional
associations, such as Foresight, IMM, and possible industrial consortiums, and then to
abide by those guidelines. An international MNT development consortium with shared
intellectual property could be one organization that adopts the Guidelines and works by
them. The consortium should require all member companies to sign and agree to enforce
the consortium’s adopted Guidelines for the development of MNT. The objective should
be to place non-compliant companies at a competitive disadvantage with respect to
intellectual property and the technology learning curve. If compliant companies and/or
consortia share ideas and technology, they may be the first to implement effective MNT,
discouraging non-compliant companies from following on their own. Excessively
restrictive control regimes are counterproductive to this objective.
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Relevant ecological and public health principles must be utilized in conducting MNT
R&D. Diamondoid products or more advanced replicating devices may not break down
easily in the natural environment. Furthermore, consumers may not at first have means
readily available to recycle them. Thus, total “product lifecycle” considerations should be
taken into consideration as the MNT industry develops. An experimental R&D program
is needed to distinguish remote or theoretical ecological and public health risks from
immediate and pragmatic risks.

Common public policy pitfalls must be avoided in drafting any specific new regulation.
What is needed are: 1) clear guidelines and laws, 2) agencies with specific mandates and
consistent roles for inspection and enforcement, 3) a focus on identifying consistent and
principled classes of hazards, while ensuring that specific cases are judged flexibly. The
goal is to establish the minimum necessary legal environment to ensure safety.

Principles

People who work in the MNT field should utilize professional guidelines that are
grounded in reliable technology, a knowledge of and respect for the natural environment,
security, ethics, and economics.

Access to the products of MNT should be distinguished from access to all forms of the
underlying development technology. Access to both MNT technology and products
should be unrestricted unless this access poses a risk to giobal security.

Accidental or willful misuse of MNT must be constrained by legal liability and, where
appropriate, subject to criminal prosecution.

Ethical researchers and developers of MNT agree that governments, companies and
individuals who refuse or fail to follow responsible principles and guidelines for
development and dissemination of MNT should be placed at a competitive disadvantage
with respect to access to technology and markets.

MNT laboratory guidelines for self-replicating machines should be analogous to those set
by the United States National Institute of Health (NIH) for recombinant DNA safety
levels. These guidelines should incorporate additional provisions for inherently safe
designs, such as: 1) absolute dependence on a single artificial fuel source or artificial
“vitamins” that don’t exist in any natural environment; 2) sealed assembler labs; or 3)
making devices that return to an off state, and are dependent on broadcast transmissions
for replication or in some cases operation; 4) routing control signal paths throughout a
device, so that subassemblies do not function independently; and 5) other innovations in
safety technology developed specifically to address the potential dangers of MNT.

The global community of nations and non-governmental organizations should develop
effective means of restricting the misuse of MNT. Such means should not restrict the
development of peaceful applications of the technology or defensive measures by
responsible members of the international community.
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MNT research and development should be conducted with due regard to existing
principles of ecological and public health. MNT products should be promoted which
incorporate systems for minimizing negative ecological and public health impact.

Any specific regulation adopted by the researchers, industry or government should
provide specific, clear guidelines. Regulators should have specific and clear mandates,
providing efficient and fair methods for identifying classes of hazards and for carrying
out inspection and enforcement. The community of MNT researchers and developers
explicitly recognize the value of seeking the minimum necessary legal environment to
ensure the safe and secure development of their technology.

Development Principles

1.
2.

Replicators must not be capable of replication in a natural environment.

Evolution within the context of a self replicating manufacturing system is
discouraged.

Any replicated information should be error free.

4. Designs that limit proliferation and provide traceability of replicating systems are

8,

encouraged.

New experimental plans should be reviewed by a system of juried release prior to
deployment.

. Developers should attempt to consider the environmental consequences of the

technology, and to limit these consequences to intended effects.

Industry self-regulation should be designed in whenever possible, Willingness to
provide self regulation should be one condition for access to advanced forms of the
technology.

Distribution of molecular manufacturing development capability should be restricted
to responsible actors.

Design Guidelines

1.

Any self-replicating device which has sufficient onboard information to describe its
own manufacture should encrypt it such that any replication error will randomize its
blueprint.

Encrypted genomes should be utilized to discourage immesponsible proliferation and

piracy.

Mutation (autonomous and otherwise) should be discouraged.

4. Replication systems should generate audit trails.

MNT developers should adopt security measures to avoid unplanred distribution of
their designs and technical capabilities.



91

A short biography of Ralph C. Merkle

Dr. Merkle received his Ph.D. from Stanford University in 1979 where he co-
invented public key cryptography. He joined Xerox PARC (www.parc.xerox.com)
in 1988, where he has been pursuing research in computational nanotechnology.
He chaired the Fourth and Fifth Foresight Conferences on Nanotechnology, is on
the Executive Editorial Board of the journal Nanotechnology, is a Senior Research
Associate at the Institute for Molecular Manufacturing (www.imm.org), was
corecipient of the 1998 Feynman Prize for Nanotechnology for theory, and was
corecipient of the ACM’s Kanellakis Award for Theory and Practice. Dr. Merkle
has eight patents and has published extensively. His home page is at
www.merkle.com.
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June 30, 1899

Nick Smith, Chairman

U.S. House of Representatives
Committee on Science
Subcommittee on Basic Research

Dear Mr Smith:

I have received no federal funding for my research in nanotechnology

Yours truly,
Ralph C. Merkle

www.merkle.com
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COMMITTEE ON SCIENCE
U.S. HOUSE OF REPRESENTATIVES
SUBCOMMITTEE ON BASIC RESEARCH

HEARING ON
Nanotechnology: The State of Nano-Science and Its Prospects for the Next Decade
RESPONSES TO FOLLOW-UP QUESTIONS

Dr. Ralph C. Merkle
XEROX Palo Alto Research Center

QUESTION 1: Several agencies have been working on the development of a new research
initiative on nanotechnelogy for the FY 2001 budget request. The recommendation is to
double current funding levels over three years. Is there a need for such an initiative: Is this
timely; what is the evidence that research ideas are signficiantly exceeding research
support levels? What are the main research opportunities that ought to be addressed?

ANSWER: There is a need for such an initiative. Itis timely. The magnitude of the opportunity
compared with today's modest funding levels clearly supports the need for greater funding. The
greatest opportunity lies in the development of assemblers: programmable self replicating
systems able to manufacture both more of themselves and a wide range of other products.
Manufacturing costs for assemblers and the products they make will be low, just as the
manufacturing costs for potatoes, wood, or other agricultural products based on self replicating
systems are low. Unlike biological self replicating systems, assemblers will make non-biological
structures (e.g., computer chips, structural materials stronger than carbon fiber composites,
molecular surgical tools) inexpensively and in large quantities.

QUESTION 2: What are the fields in which we will see the most significant applications of
nanotechnology and in what time frame do you predict we will see the full benefits?

ANSWER: The full benefits of nanotechnology will take some decades to develop. There is no
reliable way of saying how long it will take, both because of inherent difficulties in scheduling
the development time for fundamentally new technologies, and also because it is difficult to
project the level and focus of support. If we do little, it will take a long time. The more support
we provide, and the more that support is focused on the objective, the more rapidly we will
achieve the full benefits of nanotechnology.

As an example, consider the decision by John F. Kennedy to land a man on the moon. This
provided two critical things: (1) support and (2) a clearly articulated goal. Absent Kennedy's
decision, a lunar landing might still be in the future. The best articulated long term goal in
nanotechnology is the assembler, first proposed by Drexler. After extensive discussion within
the technical community, the consensus opinion is that such a device is consistent with known
and well understood physical law. Initiating a well funded research program with the explicit
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objective of designing and building an assembler would be the single most effective action we
could take to more rapidly gain the full benefits of nanotechnology.

Any forecast about how long it might take to develop applications is shrouded in qualifications,
both technical and sociological. Despite this, it is plausible that we will see major applications of
nanotechnology in the 2010 to 2020 time frame. Early applications are likely to include more
powerful computers; stronger, lighter and less expensive materials; and molecular surgical tools.
As the basic capabilities are developed, we are likely to see their application to essentially all
manufactured products. Few products would not benefit from a manufacturing process that was
more precise, less expensive, and more flexible.

QUESTION 3: What other nations have significant research pregrams on nanotechnology
and how do they rank relative to the US? Are there particular subfields in which othe
countries are more advanced than the US?

ANSWER: While I have some feel for specific research programs in other countries, and
certainly have the general opinion that there is excellent research in this area around the world, it
is difficult for me to provide a clear assessment of that research for two reasons. First, I have not
explicitly reviewed the international research. There is likely much research that T am either
unaware of, or whose depth is greater than I know about. Second, there is a great deal of basic
research which is very good, but which is not oriented towards achieving any particular goal.
Such work will be of limited effectiveness in achieving any specific objective, but the
researchers and facilities could be rapidly redirected towards a specific objective once its value
was recognized. By way of example, basic research in particle physics can be very good, very
informative, and yet lead no closer to the construction of a nuclear bomb. The same research,
when coupled with an explicit program to develop a nuclear bomb, would show great progress
towards the objective.

The magnitude of the opportunity presented by nanotechnology is so great, and the means for
achieving it so novel, that it is not always fully accepted. As understanding and acceptance
increase, existing research programs will be retargeted to more rapidly and effectively achieve
the high-payoff goals. While we can assess the quality of the research and the ability of the
researchers, it is more difficult to estimate where their talents will be applied in the coming
years. As an example, consider that we developed nuclear weapons while the Nazis did not even
start a major program. How we came to recognize the value of the goal, while they did not, is a
complex story involving many factors. How long it will take for us (or others) to recognize the
magnitude of the opportunity which nanotechnology offers, and to effectively pursue that
opportunity, is not clear.

QUESTION 4: One reason for our country's economic strength is our ability to move
science from the lab to the marketplace. What are the engineering problems that need to
be surpassed in order to move nanotechnology from the lab to a state of mass production?
How would the proposed Nanotechnology Initiative address these problems?

ANSWER: At this stage of the development of nanotechnology we need to pursue fundamental
research in several critical areas. Fundamentally, manufacturing requires that we assemble parts.
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If the parts are molecular in scale, they must be synthesized by some existing chemical process.
Therefore, research aimed at the design and synthesis of molecular building blocks is required.
Such research is already being pursued, and increased funding for the Nanotechnology Initiative
will increase research in this area (among many others).

Second, the assembly of parts requires that we move those parts. There are basically two ways
of assembling parts: self assembly and positional assembly. Self assembly is a well understood
research area, and is already being pursued. Increased funding for the Nanotechnology Initiative
will proportionately increase research in this area.

Positional assembly at the molecular scale is a novel research area which lacks the long tradition
of research in self assembly. To date, only relatively simple examples of molecular positional
assembly have been demonstrated. The major examples come from research using Scanning
Probe Microscopes (SPMs), where individual atoms and molecules have been arranged on a
surface. Further research aimed explicitly at designing molecules (moleclar building blocks) that
can be picked up and stacked, and research which demonstrates the ability to make simple (and
increasingly complex) structures from these building blocks using SPM's is required. This area
is at present underfunded relative to its importance. Research which gives us a better ability to
manipulate molecular structures using SPM's should be encouraged, and the overall level of
funding increased relative to other research areas funded by the Nanotechnology Initiative.

Besides parts to assemble and means to assemble them, we also need to know what to make. A
pile of parts without a blueprint is just a pile of parts. The need to design and analyze what we
are going to make before we actually make it requires theoretical and computational work.
Fortunately, computational chemistry has reached the stage where it can accurately model
molecular machines. We must design and model an assembler, the components of an assembler,
the parts from which to make them, and the sequence of assembly steps involved in making the
components from the parts. This will be computationally intensive. It will require research in
computational chemistry (to provide appropriate computational models), the design of molecular
components, system level designs for an assembler, and modeling and digital simulation of the
resulting designs.

The concept of designing molecular components is still relatively new, and the concept of a
system level design for a molecular machine is very new. As a consequence, both areas are
underfunded. We need multiple system level designs for assemblers. These system level
designs must specify the subsystems required. For example, a system level design might require
a molecular robotic arm as a subsystem. The subsystems, in their turn, must be designed in
molecular detail and modeled using the methods of computational chemistry. If the system level
design calls for a molecular robotic arm, then we must design it in molecular detail and
computationally model its behavior and characteristics. This is feasible and should be done.

Each subsystem must fit into some system level design (there is no need for a subsystem which
does not fit into any system). Each system must be made from subsystems which are feasible.
A system which requires an infeasible subsystem is of little interest. Thus, system designs and
subsystem designs are each necessary for the other's existence. As a consequence, the
development of system designs, subsystem designs, and the modeling of subsystems must be
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pursued in an integrated manner. This entire area is significantly underfunded. Funding for this
area should be greatly increased relative to other research areas funded by the Nanotechnology
Initiative.

Once we have parts, ways to assemble the parts, and designs for products made from those parts,
then we can start to make the products. Early products will likely include improved SPM's
(smaller, faster, more precise, more reliable, etc) which will, in turn, facilitate more rapid and
reliable assembly of parts. Other products will likely include commercially useful instruments
and better defined or more robust tips (higher quality SPMs with better tips will be useful in
product inspection, research and low volume manufacturing). As our abilities improve the range
and quality of products will increase and their manufacturing cost will decrease, At some point,
we will achieve the threshold capabilities required to manufacture a self replicating system.
Manufacturing costs will drop dramatically and molecular manufacturing will become the
preferred way to build almost all products.

QUESTION 5: How significant will the impact be of nanotechnology on medicine and
health care?

ANSWER: Disease and ill health are caused by damage at the molecular and cellular level.
Today's surgical instruments are too crude to deal with this kind of damage. With
nanotechnology, we will be able to make surgical tools that are molecular, both in their size and
precision. By itself, this will permit unprecedented advances in diagnostics and research.
Coupled with low cost, high volume manufacturing, it will usher in a revolution in medicine and
health care. For example, the chemotherapy used today to attack cancer cells is imprecise and
damages other tissues and organs. With molecular surgical tools, we will be able to specifically
attack the cancer cells while leaving other cells unharmed.

QUESTION 6: In a scientific field as new and diverse as nanotechnology research, how
would you formulate and implement an effective peer review process for selecting which
research projects will be funded? How would a peer review process for nanotechnelogy
research funding differ from NSF's normal peer review process?

ANSWER: Much of the research that is needed in nanotechnology can be funded using existing
institutions and methods. Peer review, in particular, is an excellent method of funding reseacch
when the basic objectives and concepts are shared by proposers and reviewers. However,
particularly in view of the new system level design efforts that are needed for the effective
development of nanotechnology, some augmentation of the peer review approach is needed. An
approach used effectively by DARPA, in which a program manager is given fairly free reign to
fund research in a given area, would seem more effective when an integrated set of research
objectives must be achieved simultaneously. NASA is also experienced in system level design
efforts (e.g., for the space shuttle or Apollo program).

In view of this, some funding should be channeled through a mechanism in which specific
individuals (champions) are responsible for coordinating research efforts to pursue specific
approaches (such as the assembler), and are provided with control of the resources necessary to
achieve significant results, As the development of integrated system designs is essential, and as
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such integration is unlikely to emerge from disparate peer reviewed proposals, some mechanism
is needed to insure that integrated system-level approaches are advanced, analyzed, and
compared with each other.

Within the framework of peer reviewed proposals, it is also essential to define the areas which
need to be funded. These include:

(a) Scanning Probe Microscopy, with emphasis on building increasingly complex molecular
structures.

(b) Synthesis of molecular building blocks, with emphasis on building blocks that can be
manipulated and assembled using SPMs.

(c) Self assembly and supramolecular chemistry, with emphasis on the synthesis of molecular
building blocks and the direct self assembly of molecular machines (molecular motors,
computational components, etc.).

(d) Molecular design, with two areas of emphasis. First, designs of molecular machines and
components that might reasonably be realized within a five year time frame using molecular
building blocks (using either self assembly or positional assembly). Second, design of
molecular machines and components that are unlikely to be realized in a 10 year time frame,
but which demonstrate feasible approaches to the longer term goals of nanotechnology,
particularly including self replication and the positional assembly of diamond, graphite, and
materials similar to them.

(¢) Computational chemistry, with emphasis on the accurate modeling of molecular machines,
particularly including molecular machines made from molecular building blocks as well as
molecular machines made from diamond, graphite, and similar materials.

QUESTION 7: What is the state of the human resource base available in the US to conduct
research in the field of nanotechnology, in terms of research faculty at universities,
industrial researchers and graduate students?

ANSWER: Whether in academia, industry, or at the graduate student level, the US has some of
the finest researchers in the world. However, the number of research programs that are
specifically aimed at the development of nanotechnology is still relatively limited and needs to
be expanded.

QUESTION 8: How would advances in nanotechnology improve American agriculture?

ANSWER: In the longer term, nanotechnology will permit the low cost manufacture of
inexpensive computer controlled greenhouses. By providing an optimal environment for plant
growth, these greenhouses would permit plants to grow at their theoretical maximum rate
throughout the year. Such controlled environments would eliminate insects and other pests and
provide optimimum levels of CO2, humidity, temperature, and nutrients. Crop yields per acre
could be increased by an order of magnitude or more, reducing the need for crop land.
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Reducing the total land area devoted to crops would permit the restoration of huge tracts of land
to a more natural state.

QUESTION 9: You point out that many researchers think self-replication will be the key to
unlocking nanotechnology's full potential as a robust manufacturing technology. Could
artificial self replicating systems pose unique risks?

ANSWER: Powerful technologies can be used for both good and ill: nanotechnology is unlikely
to be an exception. Because it will be able to make large quantities of inexpensive high
performance products, it will also be able to make large quantities of inexpensive high
performance weapons. Historically, more powerful weapons have meant smaller and smaller
groups could inflict greater and greater damage. Nanotechnology will permit the continuation of
this trend into the future, and could theoretically permit a handful of people to inflict damage
world wide. Because this ability is today theoretical, there is no need to limit or constrain the
free and unfettered discussion of these problems. Indeed, early research aimed specifically at
analyzing the potential risks and effective methods for avoiding them should be encouraged.

Today, we are uncertain about how long it will take to develop the full capabilities of
nanotechnology. When we are discussing potential benefits, the conservative approach is to
assume the development time will be long. When we are discussing potential hazards, the
conservative approach is to assume the development time will be short. Research aimed
specifically at analyzing potential hazards should start today, so that we will be prepared if
nanotechnology develops more rapidly than expected. Should the development time be longer
than expected, we have lost little. If we fail to pursue such research today, and if
nanotechnology is developed more rapidly than expected, we will be forced to deal with hazards
that we have not considered and are unprepared to deal with. Given the power of the technology,
this scenario has substantial downside potential.

Research on potential military consequences of nanotechnology should be pursued by the
defense and intelligence communities. This research should be informed by the system design
proposals and the computational modeling of such proposals involved in the development of
nanotechnology (discussed earlier). In view of the long procurement times (decades) involved in
the development, deployment and use of military systems, this research must necessarily take a
multi-decade perspective. Failure to anticipate the capabilities of this new technology will result
in an unprepared and possibly ineffective response when it moves from theory to practice.
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APPENDIX 3: Material for the Record






ently “and ﬁiaently, the new team " ember toils
way in a chemistry lab at the University of Cal-
ifornia at Santa Barbara, With perfect precision,
she lays down an ultrathin layer of an organic
substrate. Onto this, she deposits interlocking cal-
cite crystals, atom by atom. The two layers bond
“into.a delicate crystal lattice. Under a microscope, it calls to
mind the flawless thin-film layers on a silicon ¢hip.

But there is'no clean room, vacuum chamber, or chip gear
- in this lab, where professors Galen D. Stucky and.Daniel E.
s Morse brainstorm new materials. For that matter, the “team
member” is no ordinary staff researcher. She’s a mollusk—an
abalone. And like so many of nature’s creations, she has ac-
quired, through millions of years of evolution, an exquisite
form of molecular machinery to create her sheli—machinery

t.he thackmg of nature’s

ability to‘repair or replace
the body’s failing. organs ufacturing, it means coercing
molecules to assemble useful devices—the same way
that crystals and living ‘ereatiires assemble themselves. The
coming wave of miniaturization and molecular electronics—
sometimes called ‘manotedmology”—ls taking shape at the in-
tersection of chemistry, physxcs, biology, and electrical engi-
neering: And if it crests as many scientists predict, it will
bring a wholesale industrial transformation, more dramatic
than the late-20th century flowering of microelectronics.

No one dismisses the enormity of the challenges. Atoms, at

own creative machine)
In medicine, this spell§

TECHNOLOCGY

THE NEXT

WAVE

One day, scientists will be able to create materials atom by atom.
The upshot: Doing everything nature can do, and more

that leaves today’s best fabrication tools in the dust.

At Santa Barbara and hundreds of other research cen-
ters, scientists and engineers are getting ready for the next
great technological revolution—the leap into the world of
the very small. Nature has an unrivaled genius for designing
and producing tough, versatile materials—from seashells to
spider’s silk—in self-replicating “factories,” and at an atomic
scale. Scientists want to clone this ingenuity, to forge new in-
dustries of the 21st century. “Atom by atom—that’s how na-
ture designs and builds things,” muses Cherry Murray, Phys-
ical Research Lab director at Lucent Technologies’ Bell Labs.
“If you could influence design at such a scale, you could
make any material you ever wanted.”
BYE BYE PC BUGS? That ultimate goal is still mostly a glim-
mer. But the high-tech landscape is on the brink of change.
The development pipelines at many high-tech companies al-
ready showcase a2 whole new breed of miniaturized marvels
with capabilities well beyond today’s chips. Over the next half-
decade, these so-called “microelectromechanical
systems” (MEMS)»—which combine sensors, motors,
and digital smarts on a single sliver of silicon—are
likely to supplant more expensive components in
computer hardware, automobile engines, factory
assembly lines, and dozens of other processes and
products. The operating software for these de-
vices, now in the process of being written, is ex-
pected to suffer neither the bugs nor the bloat of
today’s PG programs.

Going somewhat further out—probably 15 to 20

yea_rs«hlgh -tech visionaries foresee a transition
that's far more radical and disruptive. Its quin-

MALCOLM TARLOFSKY

GETTING SMALL ivtvenext HALF-DECADE,
SILICON CHIPS WITH MICROSCOPIC SENSORS, MOTORS, AND
OTHER MOVING PARTS ARE LIKELY TO SHOW UP IN
COMPUTER HARDWARE, CAR ENGINES, ASSEMBLY LINES,
AND DOZENS o0F OTHER PROCESSES AND PRODUCTS.

room temperature, inhabit a turbulent world ruled by forces
we don’t fully understand. Today’s best theories, scientific
instruments, and computer simulations provide only imperfect
access to this domain.

‘Why, then, do so many scientists believe in a Molecular
Revolution? Because some of the necessary capabilities are al-
ready within reach. As scientists at Bell Labs figure it, the
widths of the circuit lines that make up electronic elements on
chips will shrink 80%, to just 50 nanometers, by 2010. That's
50 billionths of a meter—the distance of about 300 atoms teth-
ered in a row—and roughly the thickness of the protein lay-
ers in the abalone’s shell.

In other words, engineers are. already plunging deep into
nature’s hidden preserve. And in life sciences, they’ve gone
even further. Biotechnologists can tailor antibodies that fight
cancer. And they can slip new genes into plants or animals, to
produce plastics or drugs (page 86). Nano-engineers believe
they can build on this base, and write new recipes or scripts
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:Rochester, researchers coax polymeric molecules to form hol-
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that will mstruct unruly atoms t6 form desired materials, The
first’ successes—though not ‘quite at- the atomic level—are
already visible,”Bell Labs boasts of ‘chips that literally pick
themselves -up - off a substrate. And at the University of

low. eylinders  and solid rings, Once perfected, such devices
alone stand to bring enormous savings to many industries.
Says Venkatesh Narayanamurti, dean of the engineering col-
lege at Uc-Santa Barbara: “The Internet is nothing com-
pared to what's coming.”

QUAKE WARNINGS. The shifting economics are already evident
with the arrival of MEMS. Early mass-produced apphcatmns in-
clude tiny automobile accelerometers, which trigger air bags
in a crash, and a host of other industrial sensors. But as
sketched out by Sandia National Laboratory’s MEMS research
chief, Paul J. McWhorter, the next wave will be far more dra-
matie. Deployed in networks, MExs will sense one another and
configure themselves to perform information-processing tasks.
In the not-so-distant future, MEMS will steer our planes, mon-
itor our health, and warn us of earthquakes, faulty aircraft
parts, or cracks in bridges.

Since most MEMS chips have less cirenitry than memery
chips or microprocessors, they can be fabricated inexpen-
sively on older chipmaking lines. That signals the first stage
of a whole new paradign? for technology evolution, says Bell
Labs’ Murray. In the past, breakthrough devices carried a
premium when they hit the market, and they were deployed
sparingly. But with MEMS, Murray says, from the beginning,
“you can manufacture in high volume at low cost. This has the
potential to break down the old economic order.”

Telecom, she says, will be an important testing ground. At
Lucent, Siemens, and Tellabs, engineers want to shrink whole
hunks of the next-generation telephone and data networks
onto MEMS, possibly beginning in as little as two years. The

transmission called wave division multiplexing, in which a sin-
gle béam of light is-split into multiple colors, or channels, and
zipped through fiber. Lucent’s Bell Labs already has shown
how today’s pricey prototypes could be replaced by tiny mi-
croscopic mirrors sculpted onto MEMS. Combine that with
satellite technology, and long-distance ications costs

arena they have targeted is a new mode of high-speed optical §

sensors, in patlent monitoring systems in hospltals and as’

drop to zero. “This changes how meetings are conducted,
how banking is done, how information is transported, every-
thing,” Murray says.

Wireless MEMS offer similar promises. At the Umversltv of
California at Los Angeles, a team of 50 researchers is work-
ing on smgle chip MEMS radios that could replace the $500

systems on satellites. “This is absolutely not
science fiction,” Roukes insists. “It's here and now.”
In computing, disk storage .capacity could be increased a
hundred-fold by a MEMS-based instrument called an atomic,
force microscope (Ary). Such “probe” microscopes, invented at
iBM and Stanford University, produce images of atoms by
dragging a superfine needle over a surface (above). Buf these

new probes also enable data storage on

circuits the size of slngle maléc
(réates enzymes thatare p

a near-atomic scale, since they can
nudge atoms from one position to an-
other. It's a painstaking process, today.
But researchers can speed it up by clus-
tering hundreds of microscope tips on
the same silicon device.

Health care is another beckoning
;| frontier for MEMS—and its economies
closely mirror those of the computer in-
dustry. Lawrence Livermore National

cards used in today’s wue\ess data networks. In about five
years, says William J. Kaiser, chairman of UCLA’s electrical en-
gineering department, all pos and palmtop computers will
come with radio MEMS, “And they’ll be embedded in the ceil-
ing in your office cafeteria, your hotel room, your airplane,” he
predicts, “all of them seamlesslv linked to the Internct.”
Around the same time, says California Institute of Tech-
nology physics professor Michael L. Roukes, vast numbers of
wireless MEMS could be deployed as seismic and metal stress

Laboratory has developed a MEMS alternative to today’s mul-
tithousand-dollar DNA sequencers. Its parts can be produced
for less than $100. And the same notebook-size box can also
include a miniature blood analyzer. Blood analyzer chips could
continuously monitor an out patient’s blood and radio the
doctor at the first sign of a crisis.

Sturdier, more aerodynamic airplanes are another big goal.
By studding the back and wings of a plane with thousands of
MEMS-size flaps, engineers can alter the lift and drag to
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minutely control the plane. In theory, planes with

n't rely so much on wear-prone rudders, wing flaps, or tail el-
evators. The concept has been proven in wind tunnels. And
the military’s Defense Advanced Research Projects Agency
(DARPA), which is seeding MEMS research to the tune of $47
million a year, is now test-flying one-seventh-scale planes.
DISTANT DREAMS. DARPA i3 interested in military applica-
tions, such as radio MEMS that can assemble themselves into
networks in a battle or crisis situation. “You drop them off
the back of a truck, they find each other, and establish com-
munication links,” says Albert P. Pisano, director of DARPA’s
MEMS program. In addition, DARP4 is spending millions on so-
called microbot planes that would be outfitted with MEMS
sensors to detect biochemical weapons or relay images of
enemy positions.

But in business environments as well, such devices can
spell huge efficiency gains. Office networks wouldn’t need
to be configured manually—they could
assemble themselves right out of the
box, Laptop computers and cell phones
with built-in radio MEMS and GPS cir-
cuits will always know exactly where
they are, and how to connect to the
nearest Internet backbone. MEMS also
can be assembled into more complex
robotic organisms. Kristofer S.J. Pis-
ter, an electrical engineer at ucLa, and
two Vanderbilt University mechanical

? ng those

hoare’ developing inse
N :Like robots, Which one day
be able to handle as-
‘8émbly jobs in electronics
Hactories, for example, or
hunt for survivers in_col-
lapsed buildings.

To be suve, the vision
of nanotechnology pur-
~ists—teaching smart de-
vices to assemble them-
selves from the ground up,
. atom by atom—is still a
RN distant dream. As Cal-
j tech’s Roukes puts it,
“The only true nanotech-
nologist today is Mother
Nature.” But slowly, hu-

ic her handiwork. For ex-
ample, by vaporizing
carbon in vacuum cham-
bers, Rice - University
physicist Richard E. Smal-
ley and his colleagues cre-
ate atomically perfect car-
bon nanotubes that don't
exist in nature.
NO RETURN. The tubes are
chemically stable, about
4 100 times tougher than
steel, and scientists have
Jjust begun to explore their
possible applications in in-
4 dustry. This summer, a
Dutch research team
turned one of Smalley’s
5 nanotubes into the world’s
first single-mol transistor functioning at room tempera-
ture. Just 4 to 5 atoms in diameter, the circuit shattered a
size barrier that ordinary silicon devices can't hope to eross,
and it offered the first physical proof that atom-scale elec-
tronics are feasible. 1BM has also demonstrated carbon nan-
othibe transistors.

_How far off is a commercial device? Smalley admits that
going from one experimental carbon transistor to one trillion
of them on a chip is a staggering challenge. “We have good
days and bad days,” he says.

That phrase perfectly expresses the zeitgeist of nanotech-
nology at the turn of the millennium. But few scientists
seem inclined to turn back. The results will be a big surprise
to economists who believe that industry already has reaped all

the easy benefits of the Information Revolution. The revolu-
tion has barely begun.
By Neil Gross and Otis Port in New York

mans are learning to mim- .

BUSINESS WEEK / AUGUST 31, 1998 &

%&mm o

RAPHS, BY 18M RESCARCIS, MIKE PETERS

oM PHOTO:



104

SAATT InQ sdA01dW 0UIDG MO

A0 §OISAHJd d4H




105

L66T "O'Q ‘uoidurysem
SSA¥Yd AWIAVOV TYNOLLVN

[IOUNO) OILISIY [PUOTIEN
suonreoriddy pue ‘SoreWwayIRIA ‘S90USIOS [EDISAYJ UO UOISSTUITIOD)
Awouonsy pue so1sAyd uo preog
9973 TWWOY) SIDUIOS 97BIS PI[OS

wuww%ﬂm S[eTI9jeIA PUER 19118\ -PISUIPUO) U0 33O

SINIT UNQ S2104dULT 20UIIDS MOE]

STeTIdIRIA JO SOTSAUJ 9YL



106

EILIAWY JO SAIBIG POYILLL DL} UL PAULLT

npaseugedy

8TPOZ O ‘uoiBurysesm

AN ‘ANUSAY UONNITSUCD 1017
Z9< VH ‘TIPUN0) (oreasay] [euonen
Amovonisy puv soisiyg uo preog

‘woxy opqepreae ase 3rodal sz jo sarded pronppy
“paatasal ST [y saduaps jo Swepesy [euoneN aul £9 £e61 1qSuddon

(‘ysuaeasey QT Jo £sanmo)) 'z o8ed aag "swowe
pauonsod A[EnpraIpu g Jo 12400 wnjuenb,, ¢ U1 POURUO) $UOL3]3 JO SIN1eU
onem a1 smoys Jey) aBewry adossosorm Surouuny Buruuess v Jeno) uosd

*sanstods a3 Jo smata
Y1 300321 AJIPSS30L J0U OP PUP SIOYINE J11 JO IS0UI 24T LIRS S uT passad
: 'sBurpuy ‘suoturdo AUy 6 188DSENESOS
‘o wreasy xepun Afojonynoy, puv SpiepuIs JO SININSU] [RUOUEN UL PUE “LEITLI6
MW ON JUELY ISPUR UONEPLNOS 90U [EUCLIEN Y3 € 19SHUT96-C009-3a

‘0N Pexue) 1opun A8raun jo wountedag ag3 Aq paroddns sem poloxd siyy

X3 SUOL 10

‘[1Ouno) Yoreasay [BUOTIEN a1y Jo ‘Apansadsal
“UPWITEYD 2014 PUR UPMLIEYD 318 JINAA "V WEN[IA "I PUR S1I3] [y 201Ig I
*UIOIPOIN JO 0ININSUY 33 pue satwepeoy qioq Ay Apuel paassstuiwpe st pouno)
oy ‘serunuimed JulssurBus pur synuaLes 211 pue ‘o1qnd oY) uowuIAe aq
03 s018325 Barpraoad u1 SunmaurBuy jo Awepeoy [EuoHEN 243 PUE S20USIRS Jo AW
~pesy’ [LUOnEN 343 204 0 Aotede Buneindo redwund sos swodaq sey [pouno) sy
“Awopeny 3z Aq peuniisiap sornod jeseusd wim wuepiosse ur Suwogoung jusur
“wea08 (eropay o1 Surstape pue afparmony Surmoyiag o sasodand s Awepeoy syp
i Aforouyoe; pue aoueps yo {HUMUros peoiq Yl SIBIPESSE 0] 9161 UT S20UIDG
30 Awopeoy [euotieN 93 Aq PaYs[eIS3 SeMm [1I9UN0Y (PAEOSIY [EHONEN YL

BULIPAW JO STUNSUT 9 Jo Juapisaxd st sutys

"] Yleuuay Ul ‘UOTIEONPS PUR ‘YDIEDSAT ‘ATED [EOIPAW JO §aNSST AJUTOPT 01 ‘OATIRRIUT

umo 81 todn ‘pue jusuIdA08 [e10PD] 013 03 J0SIAPE UE B 03 JAHIEYD [eUolssdIFu0D

$31 £q $odu2008 J0o Awaprny jeuoney i 01 uaatd Anprgrsuodsai 3y3 apun s)e

aypsug sqy ouqnd oy jo yiyesy augs 01 Surnrennd sayew L>iod jo uonruiwexs

2171 U7 suoissajoud ajerdordde Jo s1oqUIDMW JUOUIW JO SIIIAIIS AUI SINDVS 0F KIIUALDG
Jo Lwoprsy peaonen: 3y AQ grel Ui PAYSHALIS? STM SUISIPOJY JO AINGSUY YL

-BurresurBug 3o Lwapedy [eucien o Jo mapisaad SEITOM, "V UM Ja

“sapowiSun Jo stuswaastyoe Jopodns a1 sazruBooar pur ‘yRIEsI: puE UONEINDS

sa8eanoous ‘spoou [enoyeu Junssu 12 pawne swreaford Suwesurfus siosuods

os[e Burroourdug jo Awapeoy [euonEN oYL Justruiaaof [erepay sy Jursiape

a0y Ayiqsuodsat sy seouag Jo Awapeoy [PuolreN ) itm Fuivis “Srequam

5030 [0S S} Ul U UOMENSTUIUPE $IT UF s14p sasaurBus ur

-puEysIne Jo voneziueiio |a[jeted € se ‘s50u01dS JO AWAPEOY [BUOTIEN 217 JO 10D
DY I0pUN ‘Y61 UL paYsqEIse sem Surmsuiduy Jo Awapeoy [euoneN ayL

sausg Jo Luepeoy

TRUOITEN 71 J0 Juapisasd ST S1IRGIY 2oMg g “SISIIEI [EDIUTDY) PUT OJHIUDIDS

o JuauLiti2A08 [£19pa) 911 osTAPE O3 1 saxnbax 12q2 arepurw € sey Awapeoy ay)

‘€981 wr ssaxfuey Aq 11 03 paswead sanreyo su3 Jo Azpromne ayz wodyy savpiem rersusd

243 103 950 1o 03 pue £30[0UYINY PUE 93UFIS JO SIUBIIYIN] A1 01 PIIINPIP

‘yoressas SureamSus pue synuos wr padedua stefoyos paysmBunstp jo L1epo0s
Bunpraadad-yras “gosduou sreand e 51 s3ouolds Jo Awapedy [eucneN Syl

SRUDIPAN JO NSl

et pue BurourBug jo Awepesy [eroneN ay3 ‘s20usps Jo AWLPLOY [PUOTIEN

211 J0 s12quIdW 0 BUNSISUO: 201wy mataay 1odey e 4q pasordde sampasoxd
01 Buipaoooe szoqane oy3 uem Jespe dnoxd v 4q pomotans usaq sey wodas sy

~aouereq cepdoxdde oy parfaz gym pue savumadwon epads 1Y 10 SO 210M

yiodar a3 10 vjgrsuodsas pued 3 o soqUBW AL SURTPIW JO AIVISH 243 pue

BunaowBug jo Amapeoy [BUCTIEN Sy ‘SIdUBDS J0 AWIPEsY [RUONEN #Yi JO STIUNOD

QY1 WO} GARIP DIE SIOQUIBW ASOYM ‘[[IUNGY YOIEasay [EUCNEN 241 Jo paeog Jur

“uzanesy a1 Aq panoxdde sem 1iodoa sugl jo 1walqns aip st vey 100foad vy, HITION



107

20011]0 weaBo1d ‘NVOUOW 1 TAINVA

A21UDD YOLRISIY UAPRWY WAI 'NOOX ‘A OU
neeuou Jo AsPAN MAIAVHIS M ATV

[. pue spJepuelg Jo 21nansuy [euotieN ‘HSNN ¢ NHOC
KsoreroqeT [euoneN 28pry YeO ‘OLYLHOY 4 SHINVI
SDLI0TRIOQET [PUOREN PIPUBS ‘XAVUDId SYWOHL 'S
SoLI01RI0(eT (12 mv_mciv—:«uurﬁ JUR2NT AYHUNW 'Y ANATHD
L1038000R7T TeuoneN 2uuniry ‘NOLINOW AIAVA

DJ[IAXOUY ‘DASSIUUIL, JO AUSIAILN ‘NYHYIN ATVIID

ABo[ouyal J0 IMUSUT SPISNYOLSSEW WINLISYY "V JIVIN
L103e10qRT [PUOTIEN AD[0310g 90UIMET ‘Y TINTHO 'S TIINVA
Aysoatun projuels ‘NYIWAVEE D NHOT

2losouut v jo AIsioAru(] ‘STIVE 'S INVIE

AMINSUL Yo1edsoY AN ‘TTddIV TINAVD

AIDYD) JSD ‘00X MIN JO ATSIOATUN AINTTE "V TV

DYDY A SAOA MIN JO 98D1[0D AUD MIHOVIVS I WYTHAW

41py ) 1SOYWY 1B SIISNYIeSSe Jo ANSIATUN “TTASSON f SYWOH.L

HHLLINNOD STONHTIOS HIVLS AITOS

190130 wreadoid "NVOIOW T TIINVA

Kusaontun dfex "NVSVAINIANS "8 ITTVAALV

Ausxontun preater] ‘NAJEVAS SNVIT

ANsIoaTUq []OWI0D ‘NOSANVHOIIN D INTIOY

saL101e10qR] [PUCTEN BIPUES ‘SATTTIH ‘W VITNL
HOIIVINAS/INGS A0¥TAd 'S TNV

TA[ERH JO SANMSU] [PUOLEN ‘NVIDESHVI NVIHAY A
wvﬂuﬁumkﬁﬁj :Qm mQMQOHOEQQQ.H Jua20n \><v—x:2 VANUHHD
mhmﬁhwm elueg \M_EMQ,W:WU .wO %u_mkv\;ﬁ_b ‘ZHUZ‘QJ S SHINVI
elequey RIURS ‘RIOIOFR) JO AUSIDATIN “YHINVHY O VMUH
IOIUDY YPIBISAY GOSTEA 1L WELT NeLHOLAN MUV

Ayrsaaatan eaepal ‘NIAYID NHALLS

uredwey-eaeqan 1e spout](f jo AISOAL NOSLLD AVAUNN T
£101210q | 01RIDPOOY LEIUTE PAOJURIS NDOLSNANHLE MOHINY
2INIISU] Y2eosY DUN ‘I1ddilV TIHEYD

0y) 201 “Ksoresoqery [euorieN 93pni YeO ‘OLIALON d STV
eqy BIUTS ‘RUI0)I[ED Jo A1IsIRAu IINNNVNVAVIVN HSZLVINIA

ay>

SOISAHd STVINEILVIN ANV YILIVIN-TISNIANOD NO FHLLININOD



108

1032011 IANNIONT “YADZIAW NVWHON

Karaxaag ‘eruoyien) o ANSOAUN ‘NATL NTT-ONVHD

£10)e0qRT [PUONEN GIAR|00IH ‘SOTINYS d SV TOHDIN
BIURA[ASUUD [ JO KJISIOATUA W,

Kwedwo) unaew paoysper| € ‘Siopues OHUN NHOL

ABojouyoay, Jo 9101ISU| SNOSNYIESSEIN YWANIAITI THINVA
SABUY S0 ‘ereiog[e] o AusAuN ‘NOSTHAD D LIIVOIVN
K101e4205q0 Awouoaisy orpey [euorieN NNV I TIIN T HLIANNIA
2108dUUIN Jo ANSHOAUN AT TTAN 'H HIANNIN

oUL UONBAOUYIDL TISNIWVY D TNV

Kuedwo) 1any yeaueses osnoydurisopm ‘NAZLNVE W TOIVD
Kusavatuq [PUIC) ‘LIOYIIOH T NHOI

ou[ “BRLIDWY [ION WIYI0IV I ‘SOAIDIH STNOT T

Aysa0aTUq [[PUI0D ‘SANAVH d VHIMVIN

BIRqIRG PIUES ‘BILIOJIE) JO ANSIAATUN ‘SHLSH 'H NHOI
ANSI0ATUN RV SEXAL ‘SYTONOU "D (' TYNOH

BIUBAASUUR] JO ANSIIATUN ‘NMONS ‘(| HONHIMY T

AYSIDATUN WOIDULT “WHAMONE WV ITLIM

weBTYOIR JO 2INITISUT [DILISIY [RIUDWUOIAU ‘SYNVE "W MILId
41010-00) 'OPRIO[0D JO AVSIOAIUN “YTDIALINIT TIVI ‘M

aipyp-02 ‘wonexod.o) sAIFo[OUYRIL paruN ‘NNVINIEH  LNIL0N

SNOLLVOI'TddV ANV
‘SOLLVINAHLIVIN ‘SHONIIOS TVOISAHd NO NOISSTIWINOD

wersissy 199l0xd “ONYM HOVHD

IILIV0SSY FANLUSIUIWPY L01UDS AHSYD VHSV.IVN
1010 wesdosd ‘NYOAOW H THINVCI

J0I0UI(T ANRIOOSSY WAAWEIN T LATIOL

LOWIC OUAAVHS "D ATYNOA

Ausa0atun U0IOULE ‘NOSNINTIM AIAVA

Ausroatug preaser ‘STAISTLIHM THUOTH

$O1101210qR T 1jog S218010UYL, 1ooNT ‘NOSAL ANOHINYV ‘[
201u2) JuAWdo[PAd PUE GoIeasay WO “UOTAVL D NHTTHIVY
w0yBuIysEM 3O ANSIWATIN ‘NOSINAION HSTAVH DY
\nMO—o:auuH Jo 2Innsay elwiolife) ‘AVAHAVEY 'S ANOHLNY
sotsAydonsy 10§ 49ue) URTUOSYITWS-pIeATRH “YHHONH d NHOT
amnsuy STuyRa (o 1veRssuay YIATVID WVAL

AYSIAATUQ) WORADUTLT ‘HDLT TYA

AnsaoAiug) projums HD NHAHLS

Aysaoatan S[eA ‘NIHRLSNHHE VAT

vy a1 Ksaun [[PUI0) ‘NOSUNVION O LUHHON

41pyD *0831q ues ‘pruO)ie) Jo ANSIOAIUL ‘SHNACG "D LUHIOU

AWONOQALSV ANV SOISAHI NO Gavod

N



109

“Kyrunwwos ay3 woay ndur
JoU3aNg SUTAIIAL 0 PLEMLOJ $3[00] 2233TWILLOD 3G} ‘SYIUOW
[BIOADS 1X0U 27} I9A0 SUOTILIIQL[OP SIT SONUIIIOD I Sy “SIas[eLu
-Aorjod pue $ISOULIDS SNOISWNG YIIM Pey SEY 1T SUOTIORINUT
2y 10§ apMIe.d ST $s01d XD 0 I[ PINOM 321} WOD dY T,
(Burssurdus
[eorn100p0 pue sorsAyd) Aojouyoay uoot(is pue (uesurdus
sjeuarewr pue sorsAyd) shorre reanyonas ((£3oqo1q pue sorsAyd)
sanoajowoew (Ansmuoyd pue so1sAyd) seuas[ny opnyour
syury Axeundiosipynu asay jo sojdwexa ueysodwr) yoiess
-o1 sTerotewr Jo Ajrun pue aunjeu AreurjdrostpIoiur Jusiayur
a1 pue Jurourduo pue adUAI0S JO SP(ATY IAYIO [IM SYUI] JO
soueyrodunt ay) aziseydwo 03 1] P(NOM 331310 2] ‘paseq
sorsAyd Ajurewud aue payuosord s1yByBiy a3 yBnoyy uoag

‘soAT] KepAa0Aa0 mo uo oedur
s, p[ey o ‘sajdwexs sanensn(r ySnoay) ‘sojensuOWap pue
P[0T} 9} UT YDIEISIIT JO JUOIJAI0J 9} JB 20UI(DS [PIUIWRPUNY
a1} J0 dwos SIYB1Y3Ly 31 ‘dOYSHIOM 9661 dUns a3 Je suon
-eyuasaxd ay3 wo A[a81e[ pasey aouarpne peolq e 10J papusiur
‘Apmis Butofuo ayy Jo ndino Auxes ue sy ‘sanrg 4nQ sanv.idug
20u21dS MOE SIPLAIVI fo so156yd oy ‘110dax 310ys st L,
"8661 aunp £q pagaiduiod aq 01 st yoryMm “iodai s31 s1e[nuLIo) 03
SO [242A2S JOUWL SBY 39}JILLIOD 3} “UIY) DU “SONISISAIUN
pue ‘Ansnpurt “yuowuioaos woay staxewdorod Loy se [om
se pjay 211 ur szauonnoerd durpesy 09 swos 1439803 3ySnoiq
doysspiom sty L 9667 ouny ur uotSurgseps ur doyssizom
Kep-om1 e (3Im UeSaq 993100 dU} JO IOM O], ‘Asains
soisAyd repeoop mou e Jo 1xed se piaty ay3 Jo Justussosse Ape
-1oyos e asedaud 01 so15AYd STETIIEN PUE I9JIBIN-PASUSPUO)
UO 32}[LWOY) Y3 PIYSI[qrIs? Awouonsy pue sosAyd uo
PIROG S,[IOUNO)) YOIBISIY [BUOLIEN 943 ‘966 T JO Surids ayr u

doejoId



(-sar103040Q07 f1051 Snojounay, wadn'y
Jo £sormop) sse.op ojorriuad
ouo KySnoa 2o1aap 1201u00-jut0d »
som 3 Lpel vt padopaap ioisisupil
saf sppom oyl I'T AYNOIT

£q A[uo pasn ‘[oo} o130X3 UE
wo1j 1mMdwod 213 pauLIojsue)

e Jo orsnw “SurdBol ayrym
u3A9 10 18D 3y JurALIp 10
o (uonvaodioy jarug

Jo £sorin0n) “swomdwos puossod QAPT] S[RLISIRW JO Surpuels

woo JuTAl] 2y} ut Juixe[al

110

arym “fofus mou ueo
UBDLIAWY AJ9AD ISOW[Y

“so11m duotdapl

wouiy sn Jurysea[un usAd

st suoyd xempeo ay L, -eyep

pue ‘sadewur 0apIa ‘90104

JO UOTSSTWSUEL} SPIMPIOM

SNODURINUITS SNOIULILBISUL

03 suoes.EAu0d suoydapal

ATejUSWIPNI WOIJ PIA[OAS

SeY UOTIROTUINIIWOdII]
‘porrad owes ay3 uring

‘plIOM 33 punoIe

jyexoare spm8 pue sour|

5,£Dpo7 fo 14001 241 1D 24D S40s5204d

04O YOS "SAOISISUDAT UOLJIE £°¢
ynm diy> Wniuad vl JNAOLT

50661 ‘uonedrddy

2

SOV6T A19A00s1(]

-~ropun ano ur sjusurasoxdurt
‘SAWRAJL] INO UIYITAM
-s0ey Koy saBuayreypd sy) pue
Sprom J1aY1 Jo odueriodurt 9y
‘[23 SISTIUIDS 1BE) JUIWIIOXD
ay3jo  Inogqe st soisfyd spe
~LI9]RW PUE 19}JEW-PISUIPUOD
JEUM JO ISUDS € J2PedI 33 JAI8
03 st 310da1 s1p) jo [eod By,
prayy a3 11oddns ey suony
-MISUL 9G] UO SSIIIS JO JWIL} B
OS[e ST "PIATY STYI UT YOILISAI
10} JUBWSOXD DY [IUIIOS Jea1l
JO 13 ue sy} Jurew ‘soduea

uononpoid s[rqowomne [oxues Aoyl “y1eam Jurisesalo) -pe orpewreap A[enba 2as [[im peaye s1eak oL, s1eak Ay

0} suonoesues) [eroueuly gurdeneur woij ‘eiep xajduwod A Ise[ oy} ul A[[EdIELUEIP 08 $IAT[ ANO paFueyd sAey 1ey) suon
-NJOAST [€2]30[OUYDI) PUE DYNUIDS 2¢) JO AUBUI UL EOHU

Koy e pakeyd sey sosAyd sperioremr pue 19)1ew-pasuapuo

-reurpJaoes)xa jo spery daax 03 sn o[qeus srondwo) 'SaAl[ Ino
J0 10adse A1oaa 1sowe Jo jusuodod [L1JUISSD UL 0} ‘SISTIUIS

uononponuy « [



111

Adde oym asous pue ‘stsAjeue (0130100} pue sjudwadxa
Y3N01y} [9A9] [BIUDWEPUN] E JE S[RLIDJRW ONS PUeIsidpun
0] 3235 OYM SO ‘S[ELIDIEL MIU JUTJOT PUE IMEL OYM 3801}
apnpout sxeuonmoexd s31 'spray Suaurdua pue 20udids
10120 Yim oouapuadaprerur Areurproenxs i1 4q paysms
-unsip sT JWIND ‘Paspul
"$3§S200NS S 0 INGLIIUOD
pue woiy jausq Yorm
‘saurpdiostp Sumsouidus
pue 20ud1ds 0130 03 A[duos
paxuy pay Lreaydosipiagur
‘BUIA[OAD ‘2SIOATP © ST JININD
*J[2S)1 10ARIPUD JININD 3 JO
armjeu a1 saxofdxa ¢ 1aeq
-a1qissod sjuans AepAiond
2501 9YeWl 183 JWIND
ur $a0UBAPE [2I130[0UYI] pUR
oniuas ay3 jo urdwes e
wyBrySiy retyy suondizosap £q
poruedurosoe
-dey jeys syusas ayduns moy
e—A103S JoLIQ B JO SISISUOD
I "sAAT[ A[rep Ino uo JWIND
Jo orduwr feyra oy sorea
-snyq1 3a0dax siys Jo g 1req

Kep K1oas uad

¢0zoT suonedrddy

*$ISTIUDINS [BO130101q [[HM 1919301

sprom A8ursearour sysoisAyd spenrsiew pue o1eWw-pasudp
-woo se peoye o1 senunitoddo jearn saouatos (eordoorq
2y ur Aem 19pun o8ueld SHPWRIP I ‘UOHN[OAL DYIIUSLOS
19YJ0UE ST JIWIND S,AEPO] UL MOIA UL IOAH “S[00D I SE SSe[d
JO BuruepIEY SNONUIIUOD 3} PUE SPI[OS JO 2ANIDRJ Y O]

(ypavasoy weg fo Ksannon)
sdaygy womdruod suvtuiofsad-ySypaam w ap04 quvrodui uv £oyd (op
auo {ow sopraajows 4 swogp fo Sumomsod as1024d &g pauesof sazina -oonfuns
waddos v uo sworw won pauvmsod Sjponpiarpur g5 fo dn appw warauinip ur
SADPIUWOUDY ] |, 0400 WnTUDND,, D taynm pauifuod s104193]2 Jo 24n0u 200m
ayy smoys 1017 28pwi (W) odossosnu Surpouuny Suuuvds v €1 FUNDLL

sppraww fo suskyg ayr g
euswouayd xa(dwoo atour 03 pue  sasse[d ‘srowod ‘seyshio
pazapaosip ‘sreraatew onpuew yusuodwosnnw ‘s101onp
~uoosadns axnyeradwsl-y3m—iayew Jo suriof xa[durod arow
yonuw 03} FUIpULISIOPUN JRYI PUIXD 03 ST OFUS[[EYD IO Aepo],
‘sAoqre pue ‘spunodwoo ajduts ‘syudwapa jo steysho oydurs
1oapad Apaeau yo serrodoad
reosAyd oy puejsiapun
01 SEM JINTND UT SIOYDIBIST
Suroey a8uaj(eyo [enidv[[oIul
tofew a3 ‘o8e sxeak Kyy1q
“130da1 sty o 1algns
a3 “(dNAD) sotsAyd srert
-9JeW PUE 19}JEW-PASUIPUOD
JO wifeax ay) ST AY[Iqe 1Ry L,
“1a33ewt Jo sanradoad reorsAyd
o173 [ou0d pue 1o1paxd
01 L3111ge ano uo papuadap
S3[AIP pUE S[LIJEWL 9SO}
30 yuowdooAdp oy, 'sadTAIp
2)e1$-p1{0S ISY10 JO IS0 €
pue ‘aporp Sumwa-1ySiy oy
“19S[ 33 “YSIp oneudewr o3
‘JOISISURI] U} SE [[oM SE ‘S[e
S0661 “YOILOSOY  -urazew orfelow pue ‘O1ueIn
suswhiod jo L1auea spim
e axe aqissod siuswysidwoooe Areurpioenxa asayi Surse
‘SINOY MIJ & A[UO Ul SUBIIO JY) 10 JUIUTUOD
a3 ssoaoe A[ages sn ysiym syaf ‘Aepor, -aanjueape jeasd e sem
sae)s pajiun 2y ssooe dug e ‘ofe suoyerouad may e isnp
*$12081190U00
01 A[uo aqereae sem suorierouad snoraaxd ut e Anrenb



112

€ uonpnposuy

< "SOAI[ no 2a0xduI [[IM 1L} S2DUBADE [ED10[OUTOI]
pue onriuards 105 sorruniioddo snouous axe 210y “Jouwr aq
ued play ay3 Suoey Apuarind safuajeyo 9y} JI "owIod 03 SILAA
Auew 10§ yoaeasax Jo p[ayy omreuip e aq o3 sastword JININD
‘o101 19peo1q e Aefd 03 payse Suiaq 2IE SUONNIIISUT ISOY) SE UOAD
‘$O1107LI0GR] JUIWUIOA0S pue sopsisarun 0} oddns yoseasar
papraosd Ajreuonipes) aaey jey) sarousde aY) JO $IIN0SAT Y1
surea)s sonqoey o8xe] Surpung g A1snpur UT pue 3dUDS
3O SpIaY 19130 Aueur Ut OS[e g JININD Ul A[U0 10U ‘SICABIPUD
[eo13070UYPY) pUE dYHUOIOS Jo d3uel peoiq e 10y parmbax
ate Koy, “sjeuarew xa[duwod AjFuseanur Jo [o1yuod pue
‘BUIpURISISPUN ‘UOTIUSAUL Y} UT SIOUBADPE PINUIIUOD 10] [er1
~UASSD 3B SAU[OL IS ], "SUONOIYOUAS AeI1-X JUeIS 03 SHUdW
“NIISUT WLDG-UOIIDID W] “UOTIPAOUUT DJIUSIDS J0J A18SS309U
owoooq sey yuawdinba pazeonsiydos A[Buiseasour ‘saniqroey
[eyswiadxa szis-wnrpaw pue sJ1e] paxeys uo JWND JO 2oUp
-uadap Surmord oy woxy JursLIe SINSST SISSNISIP OS[E F 1Ied

‘spuewap mau 03 puodsaz 03 sany

-I{IqE 2193 JTWI] B3 SISSAAIS S[qRIopISuod SUIDL] SAATISWIY)

21 SUOIINISUY JUSLIUIIA0T pire oTwopeor K194 9593 1%

-£8o[ouyda} Jo UOIIRISUAE 1XoU 3} 0} PEI[ [[IM IRy} YIIBISAI

o1seq wa0§19d 03 $OLI0IRIONE] TUIWILLIIAOS PUE SAIISIDATUN

03 210w pue s10w Juroor st Ansnpuy -soejdyoxrewr [eqo[d

ay3 ut sedueyd 03 3snlpe 03 JINND UL STUSWSIAUT (Y 11O}

jo stseqdwo pue ‘odoos “ao[eds ay3 paRIys 9arY ‘AInjusd jrey

Jse] 9y 10A0 Jusutwold 08 ‘So1I01RIOqR] [RLIISNPUT JEaI8 21T,

% 11ed UT POQLIOSIP SE ‘JXITUOD [PUONEIIUI PUE [BUOTIRU
Surajoas ue uryym soerd Surses st JWIND JO UOHIN[OA dY L

‘gouerzodwr ur FuIMmoid are sadUSIOS

reat8oro1q a3 pue Anystwato sowAod se yons saurdiosip yim
soBes[UI] MON UOTIISURI} UI P[aL) B JO ‘J[om se ‘syyeads ¢ 11eg

*$11038I0q®|

JUDWUIDA0S U] puk ‘A13SNPUT U “SIMISIIATUN UT SUOP SI SLIOM

SIYJ "SIOTAIP mau OMNE fex} Mﬁw—uﬁﬁwawﬂvﬂﬂ —UEN wﬁdeUHNE Mﬂﬁ



113

sypraom fo sy my

*SIINOYLII13I HOLINANOIIWIS GNNOdWOD
ur seoueape Aq pasueyus A3eaud ussq sey 108ed a1 pue

suoydara) a3y £q pajuasardal UOHIN[OASI SUOTIEOTUNWIWIOD
oy, ‘198ed suos 1oy sterp pue suoydayay renyeo xay dn
sypord ays ssaursng A[rep [ewIou 1oy 10§ Spasul ays S[eo} 33 [[e
19U UM SBY AYS “II[DARI) SSIUISN( PIUOSEIS B S “JOWOISND
renuajod e 31s1a 03 Kem 31 UO ST 2YS "SISTHLNAS STHIYILYW UL
yoaeasax jo syonpoid axe Surpaeoq aq [[im ays ey auerdie
21} pue JED 197 JO SIUSW(D [eanjonms Auey -iodire
3y} 03 aed 1oy SuIALIp S1SS2UISNQ [[BUWS B JO I3UMO oarlr

"s218010uY221 252y1 f0 awi0s 10qP uonIPuLIOfUl dp0w Aptaoid Y7 sabpd Suonf ay1 uo
S4DGapLs 01 syutf 24p £1018 Y1 ur saspayd pazipiidp oy 08P uonpioudd v asnl LipuLPIoDIIXI PIUIIS 20DY PINOM
—aauarsixa Kida 4o—judwdoaaap fo ajpis juasasd asoym sar18ojouysar avijrunf saajoaut waa2 yovg “Aop K143 4220
71 217 Sopos1da fo suoijw NG ‘UL ST I "SIIVIS Panug Y1 ui Appol afy moqp Kio1s [214q b S1 24T

9J1'T Are( ur A3o[ouyoay, + T



114

[y

afry Ko w K8ojouyoar

“S)IURYAW Wnuenb &g pawsarob 5 U033 Jo UDNOU Y YPIYM L0 3[eIS B—3) RIS
2110 3] UO SAINPNILS YDAS pling pue uBisap o} A[Iqe ino SuILLIA)3P |[1m Bupsa) pue uoy
-2} 40j £d0IS0IDIW JO SWLIOY [JA0U JO 3SN 3U}"AUNIN) A1 U] "INJRU UJ UAIS 10U S[RLIABLU
pasafe| punodwad bupnpoid ‘s1afe] Jwole 3jBuis ul JAYIOUR UO [ELIRW U JO YIMOIH
asnaid ‘pajjonuod ‘pajeadal Y1 smojje IYM ‘AXe)dd Weaq Jejnaajow se yans sanbiu
-ypa) Buunpeynuew ym pazijeal 3g ued asiwoad siy) “saiysadosd JUONIP PANISIP YAM
350141 103[3s 0] Iy Wy SjeLIdlew Jo dbuel paseanu] Ajisea e siwold A3u) Juawd}d auo
UBY) 20U JO pasodwio) a1e SI0)ONPUIILIAS punodwod asNexdg “UOISSILUSURL] UOLRWLIO)
-ui eando paads-ybiy Joj s1ase| are|npow 03 AJij1qe Ino HuldueApe pue siojsisuel} jo paads
3y} Burseanul 1o [e13udsss S| A50|ouDI) S[RLIIRLU 101PNPLOdILIS JO SHWI 33 Bulysng

“SUOI1e]S Bseq SsafaulM 1oy sialyduwe jamod
J313IUIsueI) I S| SIolsisuel) yons Joj uoryedljdde atunjoa-ybiy eijualod y "ssauisngor jeab
pue abeyjoa umopyeaiq ybiy Aq pazuardeley a/e 3|duiexs 104 'siolsisuel) NED "UOLIRULIO)U!
210W JILUSUEIL 03 JAPIO U] SAARMOIIW Aouanbaiy Jaybiy asn [[1m yiym ‘sauoyda)a) ssajaiim
10 uonesauab 1xeu 3y) Jo Juswdoaaap ay) 01 A3y 318 (NeD} 3puII wnijjed pue AN ‘syey
SB JINS S1012NPU0dIWIS punodwo’
Dlop
10 sjeualew ayy udsq buop aaey
Ay yorym Joy suonedjjdde anem
-oniw pasds-ybiy pazijepads ayy
01 UNIppe Ul ‘s1aspuey auoydajal
1e|N]|3) JO SIAIPIDI 3SIOU-MO| DY)
| pasn Apapim mou e Sjuauodwiod
919051 183k 19d 90y J0 ARl Byl
1@ buimolb st )1 pue ‘ggg1 ut ol|iw
0S/$ 30 0} P3JRWIISH S SI0)INPUOD
1Was punodwod 10) 194/eW IPIM
-plOM Y] 350U Jamo| pue paads
13yby Ajedisuniiu yum s 03
pea)| ues Jey) sabejueape ey (3ois)
wniuewah uodl|is pue (Syeo) apjuas
-Ie wnjjjef se ydNs “JUIW3|3 U0 URY)
310U Jo pasodwiod $101INPUOdIWAS
punodwod Ing ‘$)IU0:IR 1S0W
Buipapun jeuaiew ayy st uod|is

SJINOY1IIT3 HOLINANOIIWIS ANNOAWOD

{(-sor0maoqoy ppuonoN vipuvs fo £sa1n0))
“ydvaBosoru uoazaje Sunupos sy fo 1a1uz0
oY U SAUL} MOSDU 0M] 3y SV S4vaddp
“$50400 suvdonu g°Q 15nf 4oistsupL)
ay1 o 908 sy wpy uvwny v fo 715 241
ySnos uarawvp wr suoaoru 0p1 24p spod
Buipuog punoa sy, sauoydagay avjnjpao
uz pasn asoya sv yons (LG H) 403815un43

(Cundwon 4010p paog fo £5024m05)
up)y winwingn suvwsofiad-ySuy mstninf v 17 H4NOI

*$531)S 0] JUE)SISaI ALow os|e Ing Jayyby) pue 136

-uo/)s A|uo 10u 3Je sAojje usapoyy “uonebaISIp 0} P3| A[IeWN|N 10y) 3nbiie) wouy pasa)
-ns syl j1ea ur skojjy “eiite 13[ Joj shojje Jo Juswdojasp 3y si 3durexs ;yjouy

“101AeY 34 2105 015RW 0 ‘S31[|R1SALI [ENPIAIPUI JO UOIILI0I PUE UOIIEWLIOJIP

PUE ‘SUOITEIO[SIP JO UONOLL ‘SpLO] JWoje ol :s3eds yyBua| Jo abues abie| e 13a0 Hua

-pow paseq-1aindwiod jo uonesbajul sainbas A Busseanur sassarord asayl Jo uoneziumdg

"J93ys wnujwm{e Y3 jo buissadoid 3y jo pue uonisodiuod Aoj[e 3y} 4o [013t0) 350 Aq IS

-50d 2peW JUILAAIIYIR UP T3ULIY} PUB JDUUIY) apew buiag ale s|jem ue) “sued papAIL

30 Abuiseanu sisisuod skep 3say jerz1ew mes 3y “sjdwexs poob e s| ued wauiwnge ue
se a)duis se 133(qo Uy "aAj0A3 0) SINUNYUO) OS|e S|eLIaeW [euolyipel) Jo uoidnpaid ayp

*R11SMPU 101INPUOIILUIS 3Y1 U1 SN J0J UOI|IS J0 S[eISAL 3a44-13jap ‘Andeayn

‘abie Jo yamoib ays djqissod sayeul 31

‘9)dwexa 104 “|nyasn osje s1‘wnuqiinba Jeau £1on
Bunesado ‘ypeosdde aysoddo ay] *sjooy aurypew pue syuawde|dal Julof [eRIIE JO SINSI
-181004RY) Jeam 341 dAoiduil 1eY) sK0[[R 3LINS MU JO UOLIRIL Iy} pamo||e sey yeosdde
Ue (NS "3)e)S (UL PaAISIP 3y} ojul wiayy buipinb pue (Buneay Aq ‘ajdwexa Joj) sjesajew
Bunuess ayy Jo £613ua 3y Huisies saajoau) buissatoud sjeuatew wnuqyinbauoy,,

“Ansiwayd pue sysAyd s|erraleus uj s1004 Wil Sey S3IIAIIE 353Y) JO 4Ie]
Jeliajew [euoryipes) Jo Buissadod pue uornpoid 3yy Jo JuawaAoidusi snonURU0) pue
'SJUBLUUOAIAUD PUR S3113UI03H MU UL S|PLIDIRW UMOUN-|[3M JO UolIeIodI0du) ‘Sjeulew
1115 Jo uorPNpoId 3{geljal pue BAisuadX3U] 10} SPOLIBW Jo JuBLIdO[3ASP ‘S|EUBIEW MBU
BuL1aA0ISIP I8 PIWIR Y21RISAI: SWI0) AUBWL S} S|RLIdYRIL JO SISAYRUAS 3y ul ssaibold “Bul
-553501d PUB SISSYIUAS S[RLIBIRU Ul SIUBAPE WO J|NSaI SJ0ssadapald 13y} LRy 1UapLe
-[any 10w pue 43361 234es WYY LW ey} Saue|dite pue 1LY UIIPOLI Ul SeLIeU Y|

SISTHLNAS STYIHILYW




115

- (s

] C . ‘ ﬁ’ ~apatf) 110 fo Asa7
. ” ~anap) Suoy (w, 01)
»
b

WU QT § 4DG oIS YT,
“sooys Buruuni yay-ySiy

” fo soqus oy ur 51 w01z
u “ ~popddp sug sppoanion
&,

Q
:
.
.

susiof supwop g pue
v fo &paav oy asnvoag
* “ssao0ud 07 sarsuadyour
® §ada 240 $joraa70W
“ “ “ yong “sarraadoad

. . . ove Joovydaw fo o8ups
apIN 1 YNA SIPLIIOU

azwukedos fo g.:n.\%?& sruiad 010 g-01-v a3 Supsnlpo KssopS pup pavy
st {aBupa0) v aprym Kiaqqnai pup 3fos aq 01 ussoys st (moak) 2ouvisqns g
ayrfy 0 gaggvYvy ouanbas ul aoyabor Sunazs aip 1yy {pasn og ur
saoupasgns yuasafiep Kupws g pup v perousp daoy) spun wnsip Apoonasg
‘s o suroys parapaostp wouos suardar mopak pup s8upso ayy usuljodes
Jyo01q v Jo aumons ay) seoys ydeaSossnu s0j02-a3)0f Si¢r £°7 IANDLI

.00 o
., 0 o”
Q'Q L 3
., :
40'

L3
’
.
»
®

*s153A §004dya|nq Ul pasn $1 Jejady
JwAfod 3y j1yBram yun sad ueunopiad a)1sud) 1010316 WL 0| SUBBLU SIYL/[991S J0 181
Yyy-au0 Ajuo AjeaidA) 3.8 S31Isuap J1Y) dSneRq pue 3315 Uewy JabLoxs sswip 7 03 §°| e
siawAjod awos “paniye uaaq ey saipadoid [esAyd aaissardu) A /ey ulng ‘e
-3) pue sjeaw yum paiedwiod Aswiy pue yeam se siawk|od Jo yuiyy s djdoad wos
‘sanadosd joisAid panssp 3piavid pue sAmpPIISONIL paipads wio]
0} $2{MIBJOWONEW UBISIP 0) PUR ANDIALS SI1 03 PRI A1k Saadosd s Jowikjod b moy
N0 53SI0AY 1531 AenIeua1shs o1 R{aissod MOU St SISaytiAS JRWAjod 1uam) Jo uogex
~Nystydos ay) uaaly “sansadoad [3A0U YIIM S[RIBTRWL paulIp-[lam Af Jo Aupae)
Y1 Ul pAYINS3] SARY SISIIUADS S|ENRJRW PUR SISIWSYD JawA|od UIMIag 11oya aAnei0qe)|oy
fuimoih e pue sisaypuds [ediwayd uj siuawdaosdil Jueanubis ‘Aepoy syawouour jo £1aten
B3PI 2 a1e10dioIuI 1ey) S3NIB|oLoIRL PIulIP-|[3a 194 xa|dwwod A1y Jo Aauen ssajpua
1S0W)E UR 3YEW 03 MOY PILLILI| DARY SISILUAYY "SWOJR BI0W JO UOI[|IY B JO 1S{SU0) Aew
3Jmsjouoneul wAjed 3)6uis y "samajowonew ol Jaypabe) papsued {,s2W,) sun
Ipjnyajow Auelw Jo pascdwod sadBjoW e SrawAjed uawidinkia BuiLiods 13410 pue s3jexs
i ajqissod ayewt jey spuatoduiod wbuans-ubiy syl o1 saurydue pue 1w 10 Huapiye
{0y 3} 3norduwil 10y sjeUSIew WBIMIYDIH MU ) WOl 'SaAH I Slestuzd SiwA|0g

SHINWKIG

sppLanp fo suslyd L 9

"HISYT HOLINGNDINGS B St 1akerd O
a1qesaod sjuspnis 2y jo yuouodwos
JREOTLID ST “STVIMALYW IOVHOLS 1¥2H1d0

30 yuswdopasp ay3 ur aporInw
e st ‘orsnua A31japy-y 8y jo oy ue
Jon0 Gurureyuod ‘ysip pedwos ay L,
“SYIWAT04 JO Amstmoyp pue sosAyd
Ay} UT SodURApPE JO 95TLR] AUj00Ws tnl
pue Suons pue 3 sxe sepr|qIeq01 ST
*3SIN0D DISNW ST UT papiosss jsnf sey
a1] Je1 ystp 10edwod e 03 Juruagsy
‘sndures o3 ssoxe Juipejqiafor

ST “JUoWou 12Ul 12 ‘0YMm JUIpNIS
28a[[00 © ST U0S s, uBWOM 3 rH.



116

L

afir Appogr w Sepouay

S34Bir( 2144£1) 3(qR1|31 AI0L PUR WUADUYE 20t “pani}-Isbuo]
10} usAd pue ‘Aejdsip pue Buipiodas (eando 4o ‘suonedUNWWe) 3deds pue Aeyiiw oy
BsjWosd MU ploy SIURAPE LPNS “anjg pue udaib Buipnpul bl 3jqisia 01 syibuajarem
pasejul wnipaw woyy wniads ays weds 1eyy paanposd 3q ued s1ase)sanbiuya) yimosh
Je1sA1 padueape Buisn sapadod feando ay) o buniojiey |nga1ed puk sjepaeu: MU 1M
U117 uo uostad A13aa 10j § 0) £ Joj ybnoua—ieak Yres pjos aie ABojoulay sjeuate
auses ay) uo paseq (sA37) soporp Bunnwa-yby pareyat A13so woNq (7 Vel dI0W
“Agjenuue pjos MOU 38 S358}
O1APUONLLBS UKL O A11e3N "SXSIP OIpNE PUe G3PLA PUB‘aLIIPIW ‘BUIPIeI3) 3p0d Jeg
“Buijupid 1358} ‘SUCIRIUNWUICIIR) S $LAIE 3SIAIP YINS U1 uoNe|dde apim puyy Aepoy
54358] 4ONS "}(es JO ufelb e Jo dzIS Ay $13se] Hulyesado ASNONUL0d ‘BANJeIUILL JO UoEd

-lge) smojje iyl 3qis
(avqang 1S ‘Vrofioy fo fnsiaarug) ~sod

241 fo {5034100) “(IAT J020NPULITWSS DPLITIY
winpo8 o woaf uorssuus B Mg $°7 AHODIA

SI01NPUOIWIS
JUBIBHIP JO SIS
pasefe] jo (Axenda)
yimosb jeyshn-3ibus
apad Apeau suels
~HAITE) BjGRIONE] L3PUA
Wiy patnws ay1 jo
10j0) 3 K)ea puesaiye
-dosd jzapdo ayy sojied
01 spunodwod paje|
-3l PUB $YRO AUIGUWO)
0) 3)q1550d S1 31 “Uonip
-PR Uf 3MIINIS 0N
-33[9 S50 J0 ASTIRIFG
fpuapygs Aremiped
Bt 113 ued (sye9) Fpluasie wnj||eb Jo1npuodILAS 3Y) jo dpew sse| Jaked gy e ul
sysip oedwioy Buipess pue uonewiesul Bunywsuzil Joj pasn 146l Jo sweaq ayy HNp
-1 A3y ‘d)dwiexa 104 "3)qissod uorNjoads U030 YL SPRW SIFSE) J0JINPUOIIIS
“135e|
01NPUODILIBS 3y} PUP 43SB| BPIXOIP LUOGIRD DY} ‘SUONBIIUNWILIOIB[A) J0) SIDSE] O 3N Ay}
“fdeasodads sase| ssyuawdoaaap jueLiodu 13Y10 Jo A131ieA B BLUED SIEAA AL UIYLIAM
(€561 U1 IJING SEM JISBUI B SE UMOU UOISIIA 3ABMODIW ) 'sjeiska Aqns Buisn‘padojansp
Ses 1] BUDLIOM 1511 Y1 1241 06 L JIIUN J0U SeM I InG’/ 161 Ul URISUET LI3AJY Ag paDip
-aic sem *s13se] ffe saipiapun eyl apdpund jeaiskyd ay ‘b jo uossiwa patenung

SYISYT HOLINANGIIWIS

{-yruvesay pwegr fo Asarmon) &ppondo mmw ppas puv Kgoarroulow
Pau0is st worpuLfuy ysip ponide-01auSou ¥ 5T AHNOIA

“RuAa]a1 S Bupa)[e ‘[eusjew e
) swioe Jo Juawabiuieste [e3o] au afiueyd o} 1asey e sasn Jaio ay) 1yfi) Jo weaq sayioue
Jo uopezye|od 3y U0 1342 $I BUBIAP Aq 11D PR3l 3 UYL UBd YIYM ‘Unlieznaubew
S [eU3IeL B J0 UoAIP 3 3Buey) 4)(e30] 03 146 Sasn aug “s|euatew paaoidw) Lo Ajai y1oq
‘pajpnis burag ase saydeoidde om) “S1FINGWOT Ul SDIAIP Alowwaw asn am Jel) Aem dwes
3y} U} asn ag ued s 1oy os ajqeseld abeioys exndo bunjew si sbusyey> wnny y
“s3n}ea) Jjews yum suianed Jgonposda: jo spiaik ybiy sonpoxd
piroy Jeus padojpasp 3G 01 pey ssadeid Bunapeynuew y “a)| Buo) pue Aigends ansus
03 ARIEIS [nuay) pue Jesiuewdaw '[2ando 3yl giim PIIUSAUT 3G 0F pey S{BUISIRW A1eHS
N5 “ASIp Y3 Pea) 0 3[qussod i AL Siase| JOPNPUOdILLAS BAISUAAXaUL J0 A1ijIgeiere
Y] "s(gissod £Bajouypa) siy) axewl oy palunouLns aq o) pey sabuajjeyd sfeuaew Aueyy
*(A1ourau Ajuo-peal ysip 1eduad) WOH-() & PA[eD 1) 353 1L Ul
——3IMY0s J0 31d e 10°2jdLexs 1oy ‘eipadopAIua ue—1ndwio B UO UONRULOLI B10JS 6)
[PASN 0S|B $1 JRWLIO JLULS 3Y | "WeaG Jase| pasnaoj e ylim £ jediydo pead 5)°s31d ay1 Jo Yibuay
pue toysod ayy Aq paruasaldal ‘ope ol [euBIp 3y) pue ‘W 3A133)JH1 UYL € YuM
Pajesd e)NS 1AWAJod et PassoquIa e i a53tf] "SSOLR SWIDJR puRsSHoy) maj e 1snf syd
AAO}[RYS 10 WL0J IYL L1 ) U0 PRIOIS ST LONRUAIOJU] 'S3{es |RNLUE U1 uoifiq 8% yim Atisnp
-4 uR 36101 j313do Jo Ifdurexa uow0d 350w y1 st 1akerd @) e ul ysip Pedwod YL

STYIMILYIN IHYHOLS TYI1LdO




117

(‘KromaogpT uonDN

a8ty Yoo Jo £s0n0) uvak yova sapois: “sofuadosd

porun ay1 w pousiofuad aup swowsovydas dy  19M0U YA S[RLI3IRW Bupean ul
000°00Z &1a10wx0sddyy 4pam pup uoLs0.L0)
20mpa. 0 worpuduar uor g passasod Spijos jeu
pup £ojjo jpoiBans ssodand-ppraads o woaf
appu quiof diy jo1ifinin uy 97 IINOILA

fof sys1uatp ay).Aq pue spinbi| pue
pesy ut uaas Jou saspd
-Ins ujejdxa 0y axnsap sspishyd
ayr £q uaaup “Apnis asuaiul
Jo sPafqns u3ag ey assy] yoed
Aayy moy s Ay moy ‘xiw Aay)
Moy ‘mojy A3y} moy—siawAjod
Jo sxishyd ayy ynoge yanw os bur
-UIB3| 3B IM JBY) JUH) WS 3y}
1@ 3sn oul buwod ale sanpadord
Mau asay) 1ey1 asudins ou s13
“ysnoutanok upybu parean
U39 SRy [eLIB1eW MU i Sinoy
Ajuo sayey buas |nj ay1 pue
‘saqnuiw m3j e Ajuo sayel uofesado
3]0y ay] a3e|d oju; wayy uapaey
0] sa|majow sawAjod 3y} UIIML
-3 SUOLIIRA2 |BIIWAY) SIALP 1HY|
12|01ARAIN 3Y] ALARD UB3P BYL
o Ajd1u smofy siawijod Buriy
-deds ‘Pajbuelua Jo iy juo
buiob 5| 1eyp “Audeuay pue Ay
=X} B ayy 1sn( jo dwnj e ouy
Aund ayy ain 0 3y61j 13j01aea 0 sa1jdde pue-arepns i syroowss‘adeds 3y |1y 03 Annd fpns
© S3XIWU 3YS 10 Y MOY LDIEA 1003 Jend1LIed INoA J0 Jey yajeLl 0} 3)eald 01 3|qe St ISIuap
3411841 S2IN1X31 PR $40]03 40 3HURI 3Y) 310U ‘Pa||L 41001 UG B 3ARY NOA AW 1X3U 3Y |
“Juauneal) [edfsAyd pue SISIYIUAS [edILYD JO UOReUIGUI0D
© Aq pareinpow aq ue> saisadod asoym ‘spinbig sou spijos se Jayyiau 1. Jey) sjesazeww dip
-se|d 3y, 1231eL pasuapu0 1405, Jo sKem 31 BULIBA0ISIP Ul S1 S3IURISGNS BUIAI| Ydis 3| 1ved
-UI0) [PLI3JRL [RDI11IL UB BLyeW Ul 131035 3y "P|0I PUE JE3Y JO S3UIDAX3 JAPUN ULIO} 1(3Y)
39y pue ‘sansspy [ean1eu ayi| Xa]y 1003 dIWIW ‘Auoq 0} 1S 1SN A3y} asdys suonedyjdde
[PJIP3LW Ul Pasn 0S| A S[eualeL M3 Jaio AUBl sjuawade|dal auoq duatsold funaf
-21 woyy Apog 3y11uaaaid 0y pasn ase sbuneod sawAjod pue shoje [e3aw asodind-jenads

S1VIdILYwoId

spprapw fo soiskyd syl g

‘Ajqeitoyuod
Sunsax st ywaned oy pue ‘[nysseoons usaq sey A1odins oy,
*UONEDTUNUIODI[] 10F S¥IGI4 1¥D1Ld0 JO osn ur
-mo013 s,Aepoy jo srdwexs ue st uoneymMsuoooapis -Junersdo
21050q Axyunod 2y jo red ssyjoue ut jsierads e yim uone;
-[nsuod 0apIA B paduelte sey oy os ‘[ensn ueyl xdodwoo a1ow
oq Aewr K1281ns 011 1ey) soaorpq uetsAyd Jurpuane sy L
"SLINDYW ONILINANOIYI4NS
uo spuadop (ryw) Surewr aouruosaz onoudey Amlur jeurds
Kue Ino pa[ni sey uess YW [euonippe ue ‘A[@3euniioq
‘SIYIHILYWOIg
Ul oIeasal Jo asneoaq arqissod axe syuswaoedax atroq
reroynay  juswaderdar dry e spasu ays jey3l pazesIpur sey
ueds [v) v -jusprooe ue Suimoroy pazijeudsoy uooq sey
oM “IdYIowpueId 1y Inoqe st aessaw sy, ‘|[ed S, 9YIow
SIY WINJ2I 0 WO Wuop siy 03 saruny pue take(d () sty
440 suany yuapnis o) “108ed sty jo uonieaqia oyl Wﬁ:w@m



118

afry &peq w (Sepourzag,

‘obe sjeak o5 uebiaq juawdofanap

SILJ3 PR1GRU3 JeY) Y1eas3L S[eLIRIEW fEIUWpUN; 3yl yBnoyye ‘syiemiau |eando ojul pajjeisul

Bursq mou 1snf aze ssaydue [eado Jagry *s3LOL3[ Ul PAS SHNUD pajelfislul 1U01DB[2 3y}

0} 5n060jeue SY10M13U SUONEIUNMULIG 10} S1N>1D pajesBaju Ao PIING MOU UBY 3 "Ipis

~PAGM B3e1UNLILIOD 01 ALI|IQR ANO PUE SYIOMIBU SUONEIUNWLIOD |BXRAO 313N} 0 2INDBHIE
a1 abuep Ajjeanewesp 0} asiwnid syusuodiios sagy Bunew ul saueape sapexap ysed ay)

“5961 WIS 000’01 APTaU J0 1018} B AG'SISSO] UOISSIISURA JRINUO $0 UOIINP

-31 ApRats © 03 Paj 3ABY UIIRAS3I S|RiRIRUL Uf SJUBWBULAS wanbasgns “siagy jende ul pasn

(sazaogniogoy

1108 smEopouyay, waont
Jo Ksapinog) sumysds
yr&uageapm-nBus juasasd
ynm posvduws Kpondpy
UOISSTUSUDAY UL DAL
profySes up apqous fpm
sy, syriuspavm yussifip
w8 7o sppuSis ppordo
Burmnos sof sopmSanom
apuxorp woos 21psodioour
e ySPW SYD YT PO
SHNIALD "SUOTIDIURWINIOD
poondo aof sznaa sworoyd
pazpaBaruy donpoad 01 pasn
ysow Kydpaoyan v sproy
LMD Y §7 TFADIL

sfeuayews sseif 31 v PAISHES pup Paquose st 1Bl Moy jo BUpURISHpUN [EBWRpYn) &
4050961 3y U1 JUAWAOIIABP AU 5eM LONLIIUMULIC [e21d0 JO UOLIRPOLU| 33 PA[GRUa jeL}
Fueape solew 3y “sjenatew [eando Jo saisAyd ays ur saueape ue paia sey ssasfioad sy
01116 00LS 0GR MOU SI SUOHEIIUNUILIC J0) JoXIew [enuue [eJo) 3y 'sadejdal saqy ABo
-0 B “31m Jaddo) J0 10y Uel Jaybiy sey st 1aqy Jo Aede> uoneuojul Y1 “3pedsp
152 31 J3n0 A||edneweIp pasealzu) sey A1dedes I0MIDU Joj PUBLISP ‘UOISSIWISUBIL eIep pue
03p1A ) i016 pides pue 131a30) 33 Jo LRI Y M SO61 K1#03 By} ur rejdiayiew
U} 01U) SH0mMI3U 231d0 §O UOTINPOII 314} AQ IN0GR BROIG SUDHEIIUNUWIO) U UORNI0AR]
©JO JSPI U] U1 318 3 SN UIARS PHOM UL IPIDUI 01 Y6N0U—UONEUMWO) 10} 2341
{83300 0 2INDALSELUE PIDNASUOD AU AL JO ISNEIAG 3(GEssod si UONRYNSUOI0IPIA

Sy3d14 TVII1LdO

(dustoniug uordurid fo
£sagunop) saapaosip uoropauaa fo sisousorp sof

sBuny ayy wr sas08 [0 quawsacu ay1 puv sovds spS $105uss
2y2 Jo Buous pajuspasaudun monp jpm supss yong PIaY dubew pue ‘suonels
“Se6T w poruaau anbuayar v Suwisn ‘su8 c-wmpay - 2S84 JBIN][3) PUR dARMODIW
pazmjod-ispy pagoyuz fo sarmunnb sy yym  10) 1YY “U0ISSIUSURI smod
pagpf Suny uwwny v fo s¥own prw wy 2 gy PURSIAUGR 10 S v 35N 1o
papaau saysadosd ay) vl susw
-3Ro1dun JNRWEIP YIM IS
-saxdust usaq sey suogexdde
leaeid uo ssifiosd pooysiap
-un AJny 10U 1S 51 220 ANAY
-npuodsadns aimesadwal-ybiy
PIYM £q wisiueyaw 34y ybnoy |
“3pedap 1sed ay) JeA0 S3MIAL
-38 JUBLUGO[3ABP PUR DIR3sas
Jo 3Bues apim e pateanow sey
—uaboniu pinby| ansusdxaus
Buisn pauest aq uey 3o saviesdwal—(epaiew umouy Ajsnoinaid fue uey sumeradia)

1ayfiy pnwr e Auananpuodiadns Kejdsip 1eu) SHWEIR) J0 SO86L-PIL Y} Ul AI3A0SIP Y|
J1Ing sem uawidinba edndesd wwedyubis Aur alogaq 1o pado
-[aA3p ses 133)J3 3y Jo BujpuRISIIPUN [#203103Y) @ H10jaq passed Sieak Og Aleats ‘YdIeasal
dAlsUBIU) alidsa(] aonpoud 03 pawiea) 15n( pey Aauy yaym ‘winiy pinby) jo ainyesadusay auyp o1
Buy{oo> uodn pabuey s|ejau o DURYSISA EINIRR 3Y3 MOY BULINSERL 3158 KIAGKSIP pasedDi

~UBUN S 3peW OyM SISUINS U] "L |6} Ul JUIPDIL KG PRIAAGISID SeA AAIINPUDDIATNG
“UOHIW 0SS INOGR AJUBLINY S1 SI3U
~frew Yans 10j pasn IO drsJij{eraus jo) 13y IpIspliom aty] "syaubeus jpuor >}
UM PaTeDOsse stwajqoid ;3o pue ualldiunsuod ssmed ybiy Inouyim splay dnaubew 13y
-12d Aueau pue Huoas apiaoid o3 i Buganpuodsadns Jo 5|03 ujeaued ‘swaisks (i Buipnju
LINU3DS [nJasn Aueyy 1ara10) |11l moyy [|1m a1 Bunonpuodssdns jo dooy
Paso}D € ui HuIMOy JUBLIND Y “3IUISISAI OU UJIM MO[ STUBLNI [BIUIIID IIYM L) aLels Burpnp

-lioadns e oyl ssed £ay) ‘sainjesadwial YBNous #o| 03 pajoo e S|RIAL UIEMED UBYM
‘Jaubews Burnpuosadns e Aq papisoad A)exdAypray snsu
-Bew Buons e pafgns ayy Bupeyd saanbas sobew yons Bupyepy anbiuysal sy uisn ssbew
uonnjosai-yfing ayeus o) 3qissod Mmou 1) OREWSYIRW [EIUIWEPURJ Uj SHUBAPE pue s1agnd
1110 paads-ybiy jo JAO[ABP Y3 YA 1OLIRHI U1 SUOIE O TUSWUOHAUR 130} 343 ApNIs 0

patuaAuy sem () buibeuwn a1ueuosa aubeus jo siseq U BoEU0sD) daubiew ieapny

S1INDYW DNILINANOIYIdNS




119

(sowdug sy 39 fo £sorne))
‘a5 ap8uzs Kopppaadns v sp 1500 urSua
10l © wouf apojq QNI vV 6'7 TUNOIA

“JSMIYY UIAID e 10J 1yBlom
113y} paseanap pue sauibua 1af
J0£ouanyya 3yl paseanul Apeaidh
aney (sanbiuya bunses pareany
-siydos Aq a|qissod apew’e'z an
-Bij uy uaas s3bessed auy ybnoayy
‘buijood Jie se yans) ubisap
ape|q 3yl ul SsjuawaAoidus yum
12U1abo) ‘anzesadwa) bunesado
U1 I S35RIU| *3PR|q 3} JO 3PIS
-1no ay) 01 sbupyeod saneq jew
-13y1 Jwesa) Jo uonedydde ayy
woij payjnsal arey syuawaold
-LIIUD1JSOU Y | “S3Pe|g UG
-1m ayy jo aimesadwa) buness
-do ajqemoj|e 3y} ur aseanul bur
-nunuoy e 0} paj sey burssadord
pue ubisap Aojje ui ssaibolg

“je1sn 3jbuis
e se ‘6’z aInbiy ul umoys ddeys
a1eauul £234 ) y)Im ‘apejq
3UIGUNY AU Ue JSED 0} 3[qS
-sod mou st 1 ‘ssa0id uoryedyy|
-0s3y1 Jo buipueysiapun pajieap
e Jo wawdoj3aap ay) ybnoay|
awnd ay} a1e $3L1epUNOY AU} [ape|q Y3 Ul sapsepunog
3 Aq panosdwil saynny 5| s3pejq auigun) r skojje Jo dupwopad 3y}
RUGLITEN
3|qe11Sapun JO 3sne) 3[eIS-DIWI0)e 4 'SUOIIRIC[SIP 0 LONOW 3y} NSO 0} XUIewW
1PIU Y3 UL 0 1IN 31 saveadiald |[ews piey alqels Jo uoljean au si sko)e asayl jo
ubisap 311 puiyaq eapl 3y SIU3L33 13410 U31 03 dn pue ‘WKLo ‘WNIURY} WAUIWA[E JO
SIUNOUIE J3[BLUS L)1 [9401U 40 Apsowu Jsisuod sAoj esadng auibua 1af e ui sapejq aujgini ayy se
{pns suofyedijdde soj jenuassa st Ajigeded siyj ‘sainjesadwa) pajersfs o) ainsodxd pabuoy
-oud Bunnp y16uais YBIY UIRIUIeW oY) s(e}dw Jo suoReuIGUIo) [epads ae skoj(eiadng

SAOTIVHIANS

sypanp fo sosdyg oy gL

“STYIYILYW JILINDYW
vo spuadap ose mdwmos a1 ‘A1015 sty ut A3ojouyoay
19130 A19A3 ISOWI[E YIT "STYIYILYIN AYTdSIA TYLSAY)D QINDIT

MU 2y) JO 3U0 $3sn Jojruow s, 1ndwon oy [ ealLIe 10y
uo e o3 sue(d ays 1ey) noneyussoxd ays smatasi pue xnd
-woo doyder 19y suodo wewomssaursng o1 ‘ouzoqare 23uQ

*SAOTIYH3dNS JO SPEU 21k A3([) ‘SUOL}IPUOD SWOIIXD
UONS PUBISYIIM O "Sa1n]
-erodway y8iy pue spoaads
12218 A10A 3€ 01010d0 JSNWT
sourgua 1o uzapow ut soperq
ourqany oy ‘Aousroryge pue
1omod yons aadtyoe of,
“Burjonyo1 oM
JUSUNTOD D) SSOUE A[J [[TM
AT "3934 000°0€ JO oprn[e
ue 1e moty sod sajiw 0pg
Je Surstnuo st ouerdare 1oy
‘13093e} 12qge sanum A[H0
‘1Y 31]y 12y spaeoq pue ‘a1ed
a3 01 A3umodas y8noays sood
“xed oy syred “paodare
91 $AYOLAL ULTUOM mer



120

Ll

ofr7 &gt wi Sojouyay,

(yoaposay wer fo &smanan) pamp pauoss S103A (| UWHIM UOHRG b JO
QNQ Rupvas sof wosus sarzsisaroreudow v yyum 1HRL eNULR UE 3AeY 0] pavatxa
Sjquissp dagap 3519 pavy v TIZ FIDLT yye siaubeus paanponul Amau auy
“40JOq U0} WNJWAPO3L “jeLRjew
Juawyedas joadns e PaisrdsIp
1ipasal Aiojeiojdxa asusyy ausey
Uy 35asun [eatxijod 03 anp ALy
-o1d awe3aq s[ewazew Gupels ayy
10 32ud ayy |nun 31042 Jo (BURIEU
naubew 3y} sea 1[eqod winpewes
“Juatdojansp pue’ya1eas3) ‘o
-032°Dnijed IRy Aejdiaiul sy
Jo spaya ajqenipadun ) sajelt
-S|l ‘S0 18] aY3 Uy ‘sunds Jsur
-dojaaap 19ubew Juauewsad sy
J01533] 2y “ssndwiod dorde) u
(urebe) sanup ys1p pue’skoy‘saueyd
-de ployasnoy ‘sjip piay-pury sz
-ARLS $SOIPA0 “SIT1IRIS JfGOOING
S@ SIADP SSIBAIP YINS U] S100W 0 14BIaM pue 32151503 31 LI 3SeRNIP APeaNs e ul paynsas
sey syzubew Jabuoss 0) buipea) Juauidoaap pUe Y>1easay "siojeIBUIB pue S100W I3[R
0 A131RA 3pIA © U} eNUasS3 a1 s1aubeu Juauewad ‘sjeuatews diaubew o ssep saipouy
s123f G€ | Sea 1NpoId [RPISILIOD SIY) U
UDIIRZ|0a 1 01 9581 Ul MURISISAI0IAUGLI J0 AI3ADISIP SHIALAY PIOT W0k B 3y knsnp
~U} 341 Y51 PIRY YOI 0£5 542P03 j6 WawBas Bumoib  are speay Bupiosl png ysip
Sfiauben e Jo uotbas paznaubew |lews e seau sassed )i se adurysisal sabuey wy ay] IR
SLI0Je GO7 In0gR Wyl iaubew 3|6uis e shodwa ‘Saup HsIp piey & uiyim peay Buipiodal sy
J0J0suas e1ep 8y} ) uoliedydde siyy) duenodw [eniswwod JofEw Yiim 13npoid e uy due)
-slsa10)aubew o 85 3Y) pandaad g1 18 YoM Jo SpRIBP 5086 Apea yl ul bujuuibag
‘pI3y ynaubew  jo uonteddde vodn ARG 1INPUOS 03 Axige s3t Ul 3Buewd € SHgY
X3 {dLLEs B UM 1] "PIue 0 yd a1 hg 1 £ [l ST WSHIaY
~fiew yo suonex|dde pue axuaps ay1 Jo Aedsajur unerajane ay| suonesijdde evifiojouta
UL [NJSN Wal 40 Auetu pue 15313)u1 SYRUANS J0 [fe ‘sanadoid dnaubeus Guneunsey jo 1soy
e fejdsip sjeuayeny “suoresidde Jo A1aea pue aduepioduwi 119y) U) Alipeais umob asey sje
“J31ew naubew “e1ausey [epBip 1sale] oy ul £]jeaaubew paio)s sjousdeus ayy o3 siaubews
103e:a014421 WO J030W I3RS 3|IGOUIONNE i) 0) SSRAWIOY S IBUMIPYY IPUY 2y} Wl

STVISILYIW JILINDYI

SO PIoH

1oDRuUoD

000D

“suonesi|dde pue ‘sayiews ‘Ahojouyray mau IALD UINY U it [IgM 503 Butngaey
~NUBW 1240 38 ue uopnjosa Jaubiy yim ‘sareansqns diseld uo skejdsip sigixaly suewioed
-4biy moj|e A)jenjuaaa Jjim Aepo) 1o paiue) Buiaq ypIeasal saisualxg “Aejdsip ay uj sjaxd
10 SJuaW3fo 2nid 1esedas Ui | INDGR JO PR3 o) SUAWILS BUILPIMS (B11D3) 3)e)
-edas 5y} 0] 3np paads ybiy e 100 i} 5B fjam Se ssauyubig pue vonnjosal ybiy aaey Aepoy
sdoydey dueutiopad 1534Biy 341 164 pasn sKejdsip (e1sK0 pInbif xiyeiL-aAdY “3pEIAP Ise; Ay
uf auun|on eaib uf painoejnuew uaq Ajuo aney skejdsip [eask.o pinbiy jaued-jery -padofanap
a1am shejdsip [e3sK1) pinbyy 1514 3U) 1Y) $0Z61 A Y [11UN J0U SBA 1 ING ‘SOZ6 1 AU Ul ueh
-3q 5{eashn pinbi| jo suopisuesy aseyd pue s1sAyd ayy Uo Ya1essal [ejuawepuNg "SIPOIIIP
pue s19711e)0d PassoJd UaamIag
paveyd are £5y3 41 1By so s
€52 332 6] apetll aq ue 0s pue
PRY U349 U Jo uoneijdde
31 Aq Juauio 0} Asea ase saseyd &
aunj|eashi pinby) asayy ui sanda
(w 3Y] Uapae jeuctie|suer)
fues-Buoy ou Buiney ajeis pin
-bie ugaq ued foys ybroyruana
sajnyajow fuogyBiau nayy

{-pamwsodioouy “xadp
Jo Gsarman) dopdsip youvd-pf porskao pinby
NLUIDUL 201D OO YSY Y 01T UHNDIA

B MOUS S3NDR|0W 3Y) YIIYM U
sjeuajew afe sjeiskn pinbr
1002 Aq uoliq 724 paraford
2o} pue Aepo woffiig 11§ 1n0ge
010861, Ul SJe[0p Jo suol|Iw Jo
SUY 0L} 198U 311) Jo Yimalh
butuoabing e palean sey
sfe|dsip (aued Jej) 1503-13M0] 10j PUBLIBD B|GRISU| “1B3S BUIAIE YDBD 10} SUOISIAZ3) |NPIAP
-] PUE ‘SUOISIAS]R) JANTRIILL ‘SEIAWIE) 03PiA UdaDs Himaia abie) ‘uessisse jeybip jeuossad
‘siaynduwo doyued pup Yoogaiou s RS YU pur suoieddde A3y uaAUp pue paten
-{u1 aaey ske|dsip asayl jo ssaupdeduion pue Axigeyiod ay suogesqdde ajqesiod 1oy jepad
~53 pue donisap 1oy ( [4)) 2qm Aei-spotyies avejduauiwio ayy Burseidsip Apeaije aie shejdsip
Jauuty yBram-193y 61| 1amod-mo7 *SIaWNSU0 0 3/BLU BLUROA SYJ AQ UMOP UIAP 515N
-poud 1138)-1fi11| 35343 J0 1507 B 52*BIe{AIOM 31} U BWOY 3Y) YIoq Ul SnoJNbIgN ay Uoos
1 Ki015 100 wy s21ndod dojdey ay) vy Aejdsip jeaskio pinby ayy se yans'sheydsip joued 1oy

STYIIILYW AVTdSIQ TYLSAY) 4InDIT




121

S[OLRII fo souslyd L |

% '€ IBJ UT POSSTIOSIP SaZUS[[BYD DYIIUIIOS
S} WOIJ ISLIE [[IM SBIPT 10YIQ "SWILSASOIIW QILYYDILNI O31[
SIOUBAPE MOU UT punoj aq wed Jury suo sdegrod 3nq ‘osnoo
Jo ‘smouy| A[ea1 suo oN *owdyl suos 1oy Surnp soerd
93e3 [[Im saduerd o[qexTewas Ajjenbo 1eqm sxapuom ays
“19339q 01 10J pue—oIeasdaI JWIND Aq padueyo usoq saey
soAl[ ang sxoandwod o Anqrgeriod pue samod oy ‘surdrpowt
WISPOW ‘SUOEDTUNWIIO]2) ‘saue{dire pue sied uispow :0de
s1eak M9J & ATUo J[qeNUTIUN UDq JABY P[NOM SINOY [BISAIS
3sed a3 ut pajuesd 1oy uoNel SeY ays JeyMm Jo yonw moy isnl
1O $103]J21 PUE 18IS I3 Ul SIXE[AL URWIOM O3 “Sunasu jue)
-rodwr 19y ai0j2q Afyoraq Sunsox pue 1yBiy 197 01Ul [IM
"ADO1ONHIIL NODINIS 1O paseq are—uo os pue ‘yred 1Sy
oty Bururwsoop “3odare ay) 18 AJ1noas Surmsse ‘SUOIIPAIDSIT
o Furyew—din auerduare oy jo 1adse L1049 Aperussss
ur paAoAUr 910M ety sxajndwod o) pue ‘sueds 1y
pue [N 9} Woy e1ep oy pazAjeue jeys sondwod oy



122

£l

{17 §ipa wr (Sojouydax

(*$31401D0GDT 1PUCLIDN DIPUDS [0 £5914100) U2IUWDIP UT SUCINU (S
1snf 2up 3fay aaddn ay1 10 S48 ayj, wossTW Y SD PIST 2q UDD APPIUL

3y2 w1 24n10m418 paSuny 101f ay7 fo aprs waYNT SWDISKS SUOLDAUNUUIOD
porrdo uz asn of dosszu poorupyorwosw adGoroad v €17 HHAOIA

“UIP|ID ANO 4O SIAI| Y3 PUB SIAI| N0 U 133 punojoud e arey A|qeqoud
1t A3y "s12npoad Jawunsuo pue suoliesljdde [e(P3WIoI] Se 3SIBAIP Se Seale Ul pasn 3g o5
PINe swialsAsoIy “si0)3a13p d|qesodsip ‘aasuadxaul yim s IAU3 3|1}SOY Ul PULIO)
-13d 3q pjnod Hurioluows [eyusWUONA3 JuswWAC|dep bequle 3jqeyai pue ‘uonebireu ‘adue
-pioAe uoisijjo3 ‘buisuas uonisod o) pash ag pinod £3y) ‘uoniessodsued) uf “s1npoid Auew 1oy
S} IRW 3)eaD pIno sealid 1amo] e swialsAsoniul dueuLopad-ybiY 11503 mo| 1e panpoid
SSBW 9Q URD $IIUOIIIII SUCHEIIUNWILIO pUB (0J1U0D Y1IM asuodsal |ed1ued3W pue mEmcww
Jed1way pue [ed1sAyd ayeabatur jey) swaisAsoniu xajduiod 1ey) adoy 3y pasies uonensuo
WP SIYL UMD Pa3eIBajul 31 e SNOUNDIGN Se AWICII( URY SWIRISASODIW 1043 PIILNOWNNS
30 150w swia|goid yp1easa) Auew ybnoy) “Swalsks [eUELDIW ANJeILIW Pling 0] P3SN 3¢
05[2 JR03 SHNIN J{UOIDIII0NIW D3RI1AGR) 0} PAd0[2AIP BIMINUISRAIU PUE‘SIIN|IDRS SO0} YL
1812 HUNEISUOWP 1010L PAUILIRLIOLIWI 1SIL 34) P3|IIAUN SIAYDIRASAI SO86L A|1R2 31 U]
“2duewio)1ad paseansu; ul paynsal Ajsnoaueyjnwis pue uonelh3ul o} pamoj[e uoeZUNIeILI
“Aujigela1 ybry pue Ajquiasse pue uoianpoid jo 1503 #0) 3y} o spea) s3(eas Ysbua| sarealf 1ana
U0 SUO1IUN J{UGI3|3 JO Uoneihalu] “uoNRIBaLUI UIAG SEY SIUCII[ROIW JO S532INS 3YY
puIyaq WY A3y v “A101siy Ul pjaL} 1y30 Aue ) parualiadxa Uaag Jou sey Yiaolh |eusurou
-3yd yng "sieaf A11oj 15| 3y 1ar0 APAIs0|dxd UMOID SeY ANSNpuI $IUIIIROIW Y]

SWILSASOUIW Q3LVEDILNI

3

*3]q1ssod 3¢ P|NOM SIY) 0 3UOU‘S)|
puB SI01S]SURII INOYA "UOY (L1 | $ B
-peosdde sajes yam A1ysnput uuoi)
-29}9 ue payoddns pue uolj|iq 51$
PapaaXa S3es )| ‘5661 Ul "asudua
|eqo( e mou s ypiymA1ysnpur 101
-)3[2001 UIBPO LW 93 paumeds |y}
40 £13A0351p 3y} ‘Buipuny yuawuAoh
g pare|nwgs pue sapedap om) 150w
-[2 1340 BuiD1aA1s ya1easal wial-fiuo|
‘3|ge3s Aq pa|geul "SpPIIU JUIWUIR
-A0b £q UaALIp sem asn pue Juswidojaa
-3 S} JO UOIBID[3378 Y1 ‘S3LI0TRI0GR|
lesnput abie| 12 ypaeasal s[euajewr
PUE 131}eLl-PISUIPUO) JO Sieak Auew
uo paseq sem )} ay3 ybnoyiy (1)
AN pateabalul paseq-uediis yy
se 3j1] Aep-0)-Aep uo 1edwi ue abie|
Se pey Sey DIAIP J3Y10 ou sdeyiag

“URD Pa)eIBaI! 3D JO UONUIA
-u13y) 0} pa3) A|3rewnn ‘Juawdojaasp
DU DIRAS3] BAISUDIUI JO SIBIK AJUam)
1S0W[E WO PAY|Nsal Jey) AP
PUB S[eL13)RW JO)INPUOKLUS JO 33U
-ps s|epayew pue sasyd ayy Jo bur
-pUeISI3PUN PISEIUI A1 YIIM PaUIG
~UI0>10SISURI SO BY ] "SH0)SISLI (SO ) UODI]IS-3PIXO-{RIAUI JO LOLUIAUI Y 0} P3| LIS
0 2605 3y3 (13r01d) Aenissed ued 3pIXoIp UEDIIS JeY) 6561 Ul A19A0DSIp pajdadxaun ayy
aim Buofe ‘Ypieasar WA)-Buo| ‘JAISURIXT “/p6L Ul A0ISISULL DU JO LOIIUDAU) BYL PIjqeul
A[3ewWIY{N SQT6 | -PILU 3L} U1 41R3S3 S[eLalely “suonexunwiwed oy uonedidde pides o) A1es
~5323U SBM S[eLIIRW 35341 40 Bulpuelsiapun 1adaap e 1ey) paziufiodal uoos saliojeloqe] |j9g
1B SISUINS "SI01INPUOIILLAS 3SIY) JO NUIDS S|eusew pue ssAYd 941 Inoge Lrmouy sem
3131 A19A'SQb6 | AJea 3Y4) U] $10133)9p JEPEI U] Pasn iam wniuewsh pue uodijis ybroyyy

“souefjdde pjoyasnoy Jo jo13uo3 o} bu
-}ueq pue s3jigewoIne woy buibues suonedn|dde ui’saan Aep-01-Aep Jno U UOUILIOS AW0I3G
0s[e Sey 0I3RENIY KBojouyIalolg 01 SUGIIUNLIIOD 0) SIANAWIOd WL ‘SaUISNpUL
fbojouydai-ybiy s,4epo) Jo ||e S31|I3pUN SIPIX0 S}f PUB UGDI|IS UO PISBY SIUDAIR0DIN

ADOTONHIIL NODITIS

(sario0g07 jj2g
sarSojouyoay jusony fo £sarnoy) “apis
D U0 Wi ] DAL UD UP 2421 UMOYS 2SOY AY1]
SU0IIUUOD UOTIWL (S SD KUDUL SD UIDIUO)
uvo diyo - (wo [00°0) suoadtw o mogY
s1 a8pwsz suyr fo yapim ayp adooseudnu
uoazage Suruunds v ynm diyo ayr SurSvun
uay pup sorpa1p afppaaus oy Komp
Suryra £q papraaas 24v diyo Kwowows 1inag2
Ppar0aaru un uo Surum uaisSuny puv wny
-tungp fo suakv] 001U TT°C ANNDIA




123

PUR ‘Sy3Lndwed ‘senIIoey pray onpudew gdiy ‘sodoos
-0IDIW U0J1I3[ ‘SIVINOS UOIINAU ‘SUOIIOIYOUAS SE Yons
s[003 apraoad sasueape [eordojouysay, $ad1ASp dIUOD
-0010 01 s98p1aq pue sauejdure woay uryzkioas sanjoey
-nuewW 01 pasn s[erdjew [eanjonas aygy jo sanradoxd xard
-wod [o13uod pue Jotpard 01 A1[iqe 1o ur yuswasoxdwr
oATIEII[END B 335 U0OS Aeur 3Mm ‘YNIWONIHA WNINGITINDINON
30 duipuejsiapun [ejuswepuUny mou yim ‘drdwexs
104 "SIYBISUT [PIUSWEPLUN] MDU pUeWSp 1By} suonsanb
astex swapqoad [eardojouyda; ‘swiy awes syl 1y “suored
-11S2AUI [EIUDWEPUNY MOU I[(EUD Jey3 $[003 aplaoid saouea
-pe [eordorouyda) uoatsp-uonesridde pue ‘suoreordde
10J seopt mau aa1dsur youseasad oiseq ul saoueapy “pardde
1SOW 91} PUE YOIEISIT OISE( ISOW I UeoMIdq IJuet ajoym
a3 sueds A[ssajureas 0s 00udIds Jo poyy 10130 Kue Lpiey
‘Kem snopss e ut Juuurdaq Mou aue S|eLIlew [B1130701q JO
Kpnis o) pue A30[01¢ 03 YORINNO Y, "MO[J PINJ} pue ‘d2Im3desy
‘uonoly se yons sordoy ur s1sozo1ur dxeys L) 9sneaq SdUIIDS

spraww fo susyg ayz |

oueydsowie pue yiaes Y3 ur sI1aoIeasar 03 Ino Jurgoess axe
Koy, sonaodosd paou yim seoueysqns mau Ajaunus sonpord
0} PAUIWOD 3B SPUSNILISUOD ISISATP YoIgMm Ul sajisodwos pue
‘stertajew xepnued ‘srerajew suowAod ‘sasse[d jo sonaadoad
o) 91ednisoaur Aoy, sferrerew onauSew pue wsyouew
Jo syoadse [[e A[[eryuassa ul s3sasour Jurpuels-Juoy saey praLy
SIY3 Ul SISHURS “wmiay pupjaadns jo sojeys amjesadwa
-mo[ Gureurosey oy} a1om se ‘syspIsAYd 1e13PW-pasuspuod
£q pauanoosip sem Apanonpuodzadns smyeradwol-ySig
*$015A4d Jo Bale S} WOy Padiaws 10)sISuRI) 31y} ‘03e s1edk
Kygrg ¢, so1sAyd s[eriorewr pue 10)JBW-pasuapuod,, ST JBYA
*sordoy pagoajes Moy e uo uorewrIoyur 210w opraoid 1ey) s1eqapis
03 JUI[ 1X23 UIRW 3y} Ul spiom pazirepden ays ‘urede 2010
‘PO SIY) UL YOIBISAI JO $a3U[[eYD DYIUSIOS [RIUSWEPUNT ST}
51doy pajejas A[2sopo e 01 Mou wing opy Ao[ouypa) WIBpow
ur utherd st so1sAyd s[eLIaleW pUR 1931LW-PISUIPUOD JeY)
oro1 Burgqeus 2y pue s1eak 1uaoal ur padueyd sey praom
QY YONW MOY SIIBTISN[[T 7 19ed UI P[0} A10s Jataq m:.H.

I0ABIPUH UOIBISAY YL + €



124

sl

HOADIPUT] YOUDISIY MY [,

(-{Bojoutpay, puv
spappuvis fo amauasug
JouoioN a1 fo £sarnod)
P pinbij o100 su0i8o4
anjg pup 42248 a1
~. IS .40 SU0IEML pos pup
aBuvao ayg ~(an1q) ySiy
- 01 (pas) moy woaf uaddod
. Jo wonwaguaouvd angvos
21001pu 540700 Y [, “Kogpp
waddoo-jayoru v fo uor
~oorfiprjes ay1 ut y1mosl
. ornapuap fo uonojnuis
4amdwod '€ AUNDIA

“pIedsal
1821131034} P |JUIWILIAAX3 YI0G 4O S3INJR3} ALY PUIY SIY1JO SBIPN)S paseq-iaandwiod sy
*S3[N23|OLU [ENPIAIPUI JO JOIARYSY 31 INOGE [IIAP Ul SN (191 UB) A3Y1 1ey) sI suolzeBisaAul
Jeuonendwiod ypns jo abejueape 1eall sy “uoleULI0P pUBUOILY ‘INYIeL MO} pIny SB
1ans euawouayd je)s-pijos xajduiod 1noge uonewsojur 2jqen|ea apiaoid o) Buluuibaq e
SHQNe[NWIS 3|NI3{oW-LoNjwIlnW ‘saya wnjuenb undajbau Ansn( Jeyy suonenyis u|

‘(17 obed
335) SUBIA)NJ P3IAAGISIP AU YL SB YINS SAINYINLS JaBIe) JO UaA3 pUB ‘SPI|os Ul 133
J0/S37BLIAUI PUB SIIRLINS PIJOS 1B SWICIR Jo Sajmzjow jo satyiadoad ayj Apreandde pipaid 0
3lqe 3q [|14 as a1aym Juiod ay) buiyreoadde i am‘siueYIW Wnuenb Jo s3jnu ay) s oM
SE ‘I32NU JIWOYe PUB SUGLII3 Jo sIBIBYD PUB SAsSeL 3y} LYl alow 31| woly burners
*sajduwiexa My e 15N[ J9PISUG) "24MING JE3U Y} U) JUOP 3 [|LM JBY LDIRISAI JO SPUI]
3y ut abueyd aeyjenb e Buiyew si 1 ‘SISRUIDS Jo yiom Y1 bunsisse Joj [00) e 1snl ueyy
310W yanw se buibiaws mou st Jaindwod ayy ng "3(qeIdeAUI PSS U0 Jey) swalqold
[e13eL3Y eW BulA|0s Joj [B1JUBSS3 WAl pulj os|e sisuoay ] “eiep buizdjeue pue ‘ejep bulols
pue bupinbe: buifjonuod I UL3powW u13|o) eAu3) e fejd s1apndwo)
“3PBIIP JAYI0LR JSB] 1€ 10) INULUO3 [|IM Jamod Jeuolyeinduwiod
ur yimolb [enuauodxa siy| “sajeys wnyuenb Jo s:equinu djgesedwiod buowe suoisues syl
#0]|0}.10 S|ND3[OU [DISSE]D BULIRIZIUI JO SLOJ|[iLU JO SPAIPUNY JO JOIARYD( AU A1R[NLLIS UED
sindwodsadns s £epo] obe apedap e uey) 310w B|I| s1ndwoadns paj|ed am eyl ssuly>
-BW J0 Jarod ay) ey SAep 3sayL Ysap S1S1UADS 1aA3 1SOW(R UO 11S JeY) $)d Jo suoie)s
-I0M [BLUS U} ‘AURMJOS pUR BRMPIRY 1)0q Ul sdueApe pides A|Buysiuoise 3y1 Jo 3snedsg

dWWI NI NOLLYLNdWOD

*syney ayenbyyiea uo ainjdni 1o spijos JUIIIP UIIMIAQ
Sdeyiajul 18 Injle) ‘sdlf) ¥Del> 18 n1IeL Jo HIWRUAD 31 Buipuesiopun 1o} Yoiess e ul yse
0} suopsanb ydiym usea| 0) buuuibiaq 1snf a1e am puy “skem JueLiodw 1sow 3y Jo Auewr u
LU H1]UN PUE “SIAYI0 U1 SPIfOS x| ‘51351 LS U] SPINbI| 31| 1. ey} SWaIshs ‘sjeliarew
1ejnuesb Jo saiweuAp Y Inoge Bujulea| 3se ap “s[elsalew aul|jeisknuou us Ajepadsa K
-0 PUR SSIUSJIIY U331 ILLAYYIP U3 Jo Buspuelsiapun sajdpuLd-1s1y Ysi|geIsa 01 pasu
am Jey) az([eal 0 SN P3| sey ‘a{dwexa Joj ‘UONLIY PUB ANJIBL) Uf 1SIAUI JO YIm04D JuaDi By
“suoienyIs Jeyfiwey AuewW Ul PaIaMSUBUN UIRWSI SLonsanb [eyuawepuny 1eyy buiziubodal jo
Adwis paasisuo sey sasAyd wangrinbauou ul ssa1boid Juada1 Jurodw) 150w 3Y3J0 YN
“UOINP SIY) Ui SJA0LD [BIIJ2I03L) MU 1S3 D] JO auo Smoys |°§ anbily -apedap
15| 3y uj apew u3aq sey ssaiboxd ypnw Ing Kjeindde samnasoniw 1ipaid 134 1ouued
3p “uonewlojap pue buigeay o) asuodsal su pue yIGUINS [EIRPIL SI Se YINS [eliajew
payIpIjos Yy Jo sansadosd ay) Jo Auew SwiaA0B UIN) Ul IYM AANDNANSODIW PIAIISTO YL
JUIWIANAP SIYIURIG 3PIS 11y} Jo Hupeds pue Kuenbat ayy pue moib sajpuap ay Yy Je
paads 3y} “Sa1ISIUI Y} Ul A|MOS 210UL AJIpIOS 0} J[3W YPU-9IN[0s Huiaea| ‘S3ypuRIq IpIs
pue saupuelq Jo apedses e ul Ajpides 1o smoib uonisodwod A1ewid auyy Jo [23sAI @ Yaiym Ul
wsIueLIAW IUPUIP & G pawLioj si uleib yaeg "Sayemous SNONIGUIE A|13A0 Jo UOLI3||0) @
3Y1| 5400} U0 ‘3d0dSOIW © JApUN PIMALA UIYM Kojje paLjipl|os Ajysalj e Jo uteib e o Jouay
-u1 3y "S3INPRAISODIW [eBIN][RI3U 01U PUB PURISIAPUN 0] P3AU Y1 Aq 0S|e 1ng ‘SRl
-#0US 310G A)ISOMN) |RANIRU INO QG AJUO J0U USALP UB3] Sey Bale SIy) Ul YDIeasay , yimolh
1e35A10 J1upuap, pa)jed si Jey) ssadoid bujypuesq e Ag wio) sayejmous ‘3jdwexa 104
“syspishyd o) abuajjeyd e st
pue way} budyapun euawouayd wnpgipnbauou 3y1 jo buipueisiapun [ejuswepuny saiinbal
suopedtdde iog papaau aq |1 ey uoisald au yam sassadoid asay buijjonuo pue Hundip
-314 “WINLGIIND3 JO S3Ye1S 113 GINISIP SSIMIIYI0 J0 ‘WYL 371} ‘WIEf) UG $32I0) 1U3XD IM S8
sapadosd o sadeys 11ay3 Busbueyd ase yeyy swiayshs Jo Apmis ayy,,‘d1sAyd wnygipabauou, ey
am JRUM Ul SISDIRK3 [|e 3le—sdiyd 1Indwiod jo sainjea) |Jews £|(eadodsoniw bunedugey 1o
sau1bua 13f Joy skojje Burisey—s|euajew [euasnpul npoid o] pasn aJe 1eyy sassaroad ay)

YNIWONIHd WNIHEITINDINON




125

“doys eup 2y3 ul iing jeduoydersw ay3 ayy oo; Aisbinso)

woze-Ag-woie Ndodson

UMDYS,,|eA10) Lnjuenb, dy) Ajane swoje ajendiuew 01 osje1ng sjdwres & Apnis o11sn(30u

1943 SoyRUL,,
pRw) Se/A €°1 InBI Ul PUB JBAOD JUI0L) AL UO

“euawIouayd J3u30 pue sanio) depns saryadoid o

pue BUiSUIS ABIS-IIUI0IL MOYE 1Y} ISIXE MoU sanby f
aney sanhiuipa) UORRZRNSIA PA1R[31 Jo A1LBA B B'LIAL) DUIS JjEY © PUP PRI3P UL U]

"PUBYBZIMS "Yp1ANZ U1 A101RI00P] Y213SAIS G| 1 ‘L 86 L [NUN PaILIdALT 10U S

(younasay e fo Ksorinon)
w0 8urs v 51 j0ds 1yS1aq
YOOF FIDLNS HOIIS D 20 WY
-vunal Jo ymesd oy fo rousdous
o Swmoys a8y ado

LO1IN|0S3) WY Y31 3d0dSC.U 3qosd Buuueds
Buriom 151y 3y3 1ng ‘BBUAS *H'7 ISUIDS Ysig
Uy 03 g1 e Jej se ypeq pades) aq ued adodsoly
-t tonnosar-sadns & 3o uogsabbns 151y ay(
“adeys su buRay Ag
paigo ue jo xnpid eyuaw e sanbde ue uosiad
puilq e se pnw‘dn 1jing aq o) afiewl [9A3)-1wole
ue smo(|e asuodsaz 3y} bulnsesLy 3jIym Aem syl
U1 39B4Ns 3y ssone diz 3yl Buiuuexs “wore ue
10 3215 UL wey ss3f g sABMIpIS Jo umop pue dn
ParOW B4 ) iy B'SHIT3(028K pajfed sierende
uoispaid buissy “depns ayy pue di 3y Uzamg
SMOJ 1RUY JUILN J1133]3 3y} 4o ‘ajdwiexa Joy ‘dy)
31 U0 e4NS Y1 0 3310) BIY)-—-d1 Y1 01 32BJNS
M) Jo dsuodsal awos Hunnseaw Aq wy (el ur
DILINLSUOD LaYY) St IRLINS B3 40 dettt y “aoepnts
© 123U (PALUEIS) PUNOIR P3ROLI St dil J)-3(pasu
dreys 2 'sanbpnyay Jo ssep siyl ¥y Adodsoniw
3qoud IS J0 UORUIAUL 3L SBM IUBADE NS
aup 'soishnd sjeuaieur pue J3NRW-PISUIPUOI
oy pabrausd s|oo1 uonezIjensia mau Auey

'S3UAD JO BINIINAS AU} PUB SUOITEAI (WYY Jo SHuDpomM
B3 SIINDP JODNPUOINUDS JO UGIDE SU I8 JOO| 0 PIS USIG SBY 3} "SRUC PIO puBISISpUN
1900 pue SjeIeW M3t dojaAIP 01 SN SMO[ SuIB)IRd 353Y) JO UOTLZI|BNSIA 3{RIS-DIWI0JE
12011(] "SP1j0S Ut pue S3]N33|oL! Ul U3WABLEBLE SW0Je JIaY) 1o susayied 3l woyy Jied 1sow
3Y1 10J A1%3]dW0D 113y} DALIIP SN 0) UAOLY S|RUBIEW SSIAIP Y] ‘SJUBWR|I 3|qRIS 76 Ajuo
310 212y} IULS "3|qIssod BW0DI( Sey swoje Jo uorezensia buiaduiod Jeyy sapedap maj ise
UL 1 Ao s11)'06e £n1U9 B 1SA0 pRuLIC) Sem prios 41 Jo ampid dpwote ays gbnoyiy

Ad03SOUIIW 180Ud ININNYIS

spoLanop fo sasdyd 2y, g

‘suonreotidde yeonoexd 1oy pue spiey Auew
uf sP0URADE [RjUAIEpUN] 10] MyBurues sae yey skem ut 98ps
-imous] mou 11213 doaaap 03 pue euswouayd pue sdaouod
M3 IBA0STP 0) U] SEY “IO)SISURI) 31} PUe SOTUOIIII[D Win]
~uenb jo oousBiows ayy 2ouTs 1942 ‘sistsAyd Jenew-pasuap
~UOD JG 3{01 O1I0ISTY 3§, "SIUILIS JO PIIOM U] SSOITR SUOTIED
-ndur SusBues-opim pey aaey ey ppaiy s ul s1daouod a10d
IOY30 01 UONIPILIOY Wxd}ed e ‘adus(ngan) ‘soey) 1aytew
310038 a1} Jo suonenionyy 3yl pue ‘saporired Arejuowdd usamy
-5q SUOMOEIIIUT 21} ‘SUOnEWLIOJSUEH) 5Eyd Se palea se gus
~wousyd pugjsiopun sn paday sey 1218w PISUIPUOD UI SUOH
-enjonyy [eonio jo Awayy , dnosd-uonezyeuriouds,, paqeo-os
SYT, "SIPEIIP OMI ISE] U UL JINTALD UT PALINDIO 2ARY IDUIIS
ut syuswrdoraaap enidaouoo punojord jsour 213 JO [BIAADS
‘sySnoaysseaq reonoexd pue [pruswepuny
03 Y304 P21 SEY SNOILIGND) IWIHLXT YIGNA ¥3LLvW Jo Apnis
sy ‘ASojouyosy woryeoiiqey sjerdlew mau Aq sqissod
opew sem ‘a[duwexs 03 133143 TIVH WNLNYAD TYNOILIYYA AHL
jo so1shyd mau syl A8o[ouyoo) pue 20udL0s IO IALIP
1] SILIGA0ISTP [BJUIWEPURY 0 FUTpea] ‘2[0S dIWole oyl
uo speriojewt aednssaut o) senrunizoddo pajuspasasdun
opraoxd ‘wing Ul '5[003 0$OYL ‘$3d0ISOUDIN IA0YJ ININNYDS



126

[| A40ADIPUT YouvaSAY Y]

{fs0m10q07

100NN Sowv)Yy S0 fo £5034n07))
spparf orreuSvw Suoars (pusaarxa
01 parvalgns worous fo uotavyaq iy
0jut SpyBISWY poruaparaidun spiaoid
e 1oy rouSow auvwaofiad
-y8ry v 4of Kjddns somod v s
520498 401000428 STy T, Ka01Dd0GDT
prot o10uSO I YSIH (0UOIDN

Y7 1D 4030408 B AFNOT

*53W02In0 dadApoid Ajjenba

(11 '3WIES U3 UIBWIAY [[IMm—3PIu3sIe wing 26 o) uaboipAy woJy s|euatew Jo) A|dwi suopn
1PU 353U} JRYM 3AIISTO 0} JSI1j U} 3 0) PUB‘S2INIRIAAWS) 153M0] 3Y3 10 sanssad pue
i3t} 2naubew saybiy sppom ayy dnpoid o1 ARweu—uypieasas sjeusjew uy sunsind
J0 uewnY 350w sit) §o epuabe dy A10)siy uetuny 4o 1531 ay1 Inoybnoayl 1ey) 12adsns ap
*SIURJSWNAD 3WAIXA $S3| J3pun euawouayd pasanedsip A|mau ay1 Aejdsip 1eyy sjeuarew
MU 33eal> 03 SisUANS Bupiidsuy Aq o (suocniedjdde [edipaw yiim sadi3p buibew) dueu
-osa4 daubew i syaubew butdNpuediadns ay) Jof Se) A|qeAdIydR A[UIINOI SUIHIPLO)
3WaIIX2 Y} el sueApe JuaNbasqns sesayy saibojouya njasn A|jeaneid ojui paje|

-SUe1} 3] L8 Ja101 SIY} 1B PUNo) s3UaA0si( “Alsnotaald o) pasodxa uaag pey Aay ueyl
SUOI){PUO3 JUIBIX3 I0LI JAPUN SIUBISYRS UMOUY 0} pauaddey Jeym 1no puly o} A|dwis
sem (00D 3soym SUOIRIO|AX3 JO NS31 Y3 SB PALINII0 SARY ‘PU3 S3 13U 13Y2 [BH W)
-uenb ay3 jo A19a0251p 313 01 A1Mu ay) Jo buluuibaq ays 1e Lananpuoaadns jo £1340)
-s1p auyy woyy Buibue ‘s1sAyd sjeusteus u) sybnosyieaiq uetiodwi 1sow ayy Jo Auey

"S3ARM PUNOS JO DUSNYUI Y
19pUN $31qqNg 16 Buisde]|0d o1y AT} 31 1y6I] JO SAYSEY YIIYM UI‘IUIISAUILIN|OUOS
se yans euawouayd [aaou ppaif pue ajess Alojeloge) adwis ayy uo Ajpaadxaun 1o
05] S3WIYALWOS SUONIPUOY AWRIIXT “ISIIAIUN Y] LI 2IAYMIS[d JNI0 A[ULIN0I SUORIPUCY
WAL SNLIAQ ‘SdsAydoIse pue ‘auiinos aie anssald pue 13y Y6y Jo suonIpuo) asaym
‘515Ayd0ab AjqeIou—>aduans Jo Seate 3Y10 40y duediiubis 1ea1b sey suoIPUOD BWRIIXD
Japun sjeuRjew jo HIsAYd ayp ut ssaiboad “suodeam pue Abojouyal autbua 1af apnpui isd
-13)ul Jeuoreu Jofew 40 $1do] “WIaIL0Y JURILIUBIS © SI SJUBLLUOIIAUD [11SOY SNOLIRA U 5|2
912U JU3LOdW0) Jo UsOpYRRI] a1aYM BulzauIBua uo 1edw ofew e aAry 01 aNUIUO)
1A J3JUOH SIY) 18 S)UILILIAXT “SIUSUUOIIAUD UONRIPR] 3SLAIU PUB ‘SPJaIJ DU1D3}e pue
duaubew abie) ‘sassals [ed1ueYBW ‘sainssaid Ybly ‘Plo> pue 1eay SUCIIPUOD WAL
13pUN J3)JeUI PISUBPLO) JO F0IARL] ALY U1 SI 3IUADS S[e121RW JO Ja Ul Jueliodwi uy

SNOILIGNOY IWIHLXT HIANN YILLYW

(sariomaioquy jjo5 so180j0UYIAL

quaong fo Lsazanon) saprrand snsodwod
wiof 07 sUV419970 diy) 07 $IJASWIY] YIPID
saonva asoy), prorf apauliow syz &g paonpin
$3013.000 247 270PUT SN0 YL “($710G P1OS)
suopupduod s11 $uowv $]2ANLT 1 SO U0LIP]D
auo fo anom wnjuonb oy fo apmydun

a1 squasoudos adpospuvy urail ayp Jo

Sy ayy, 12ff> joH wnauvnb jouotnaf
ayy sarpsapun 10y) 1078 Ap1and-Cunu sy

Jo uonpruasoados puoind v €€ IINOIL

*|ela)ew pasake] ‘pajeal Af[eDyILI Ue Ul UOIDNPUOY JO LLLOJ M3U A|jelustuepuny e 5| ‘Uay)
Sy, "SUOSIRHIXS X110A A1RJUBLLA[D pabiey A]jeuondes) ojul dn yeaiq wialss ||ey winjuenb
©0} pappe suoi132(a ‘Pjaiy daubews buons e ul‘saniesadusa) mo| Auapyyns 1y Jojesabiial
3y s110jesRe 3y} Jo Hojeur ayy ;3513431 941 SI0p 3u0 ‘isAyd J31eW-PIsUIPU) U] 10}
-eige apnJed buisn 1o patued (sainjesadwa ybiy ‘Apusjeainba o) satbiaua ybiy A1aa
| parsasqo ag ued syienb 3say| “syienb pabieyd A|jeuonel o dn apew spaf
-qo d1s0dwiod Ajenoe are suojord se yans sapived Alejuawale ulelsad Jeyl skyd Abisua
-yfiy uj eapt ayd yyim Jeljiuey ase ap “aisAyd apried A1pJuaLIB|3 Ul palpIs 303U Pjaly
wnjuenb ur pue sa(sAyd 131 W-PasuIpU0 Jo seaze 1ayo uj yioq suonedijdde yym sanbiu
-23) pue s1daru0 mau Bunidxa Ajjenyda|ajul pue punojoid 03 pa) sey wiR|qoid SIYI U0 Y4oM
2113103y | *aB1RY) 3} JO PIYI-3UO 1A IR3 ‘SUONLYIIXA 32iy} 0ut dn yeaiq 0] U3as S| Wwia)
-5s 3y} 03 pappe U013 Ue Ly ul sjuawLadxd Bulpuuny £q pue abiey (euordesy Jiay)
10 JULIANSEIL 13211p YBnoiyl paasasqo uaag Apuaal arey $133[qo asay] “abielp uodsje
Ue JO U1} B SPUIq 10y} X3)40A 3|Buls e Jo 15isud suoneinxa Abiaua moj ay 1ey) Kuadosd
3uezig 3y) sey sopiied 3usodwiod o pIy StyL , Py, winjuenb jenads e ojul IsUSPUC Iy
‘5123(Go 3)is0dWO) L0 0} SUOLI[D Y} 03 SHA[ISWAYY Yde3le Tyl (,so0djiym,) SDNIOA
J0 siaquny abiey saanpui amiesadwa) moj 1 pjaiy 3naubew Buons e jo uonexdde ay|
1363301 Ue UeY] JAYIRA [RUOIIIRIY S11RYY JAqUINU
winyuenb e £q paqudsap Butag jo A1iadoid [ensnun 3y Y1 URIONPUO) [[BH 3y Jo uonezi
-uenb aspaid e 51 UONRAIISO DISeq 3Y] JUBUILIOP AWI0I3] SUOLR[2LI0) UOIIDI| ‘SUONIPUOD
35311 Jopu) "sanieladuwa) mo| pue spjay naubew By Jo SUORIPUO) SWIRNX 0} paldalgns
DIAIP NI|-I0jsisuel) e ul paonpoid ,seb, Uoa1I3[a [eUOISUILIIP-0M) © Ul 2de|d s3xe3 3| “s|el
-23eW paInyNIIS AjjeIILe J0 UoDedIiqe) 3L} Ul sadueape [ed1Bojouyda) Aq ajgissod apew 5l
~sAyd mau |eyuUIRPUN PUP [Ny1INE3] JO 3dWexa UR $1133)42 ||eH wnjuenb [euoely ay)

133443 11YH WNLNYAD TYNOLLIYH IHL




127

‘Kunbur jo 2141 mau ajoym
e se Gurdzow s1 spi{os ul Ayxordwos yons Jo Apmis oy 1, san
-rodoxd Suysaieiur Ajireurpioe)xs oary ued ‘si03onpuodiadns
Mou o} oY1 “sTeraorewt xa[dwod A[[ed1mayd 1ey} pouTed|
aaey sysisAyd sjerorews pue 1oypew-pasuspuod ‘Jueroduat
210w U2AY "SIUSWAO[2A3P M3U JO SIPRIIP 0} PIBMIO] JOO]
ued om pue ‘soanjesddwoy uaGonu-pmbry arqissoooe Apisea
je Ajtanonpuoosadns uo paseq s901A9p paldplew A[jeisw
-wod 29s 01 Furuurdaq a1e om ‘123e] SPEdAP E 140 Isn[ ‘MON
*010z 9IN{osqe Jedu A1oa soanjesadwal ye A[uo 1STx9 pnod
Kyagonpuoosadns jeys syspusds Juowe Jurmoid uayy snsuas
U0 © paA0IdSIp YOTYM ‘ALIAILINANOIHIANS IUNIYHIAWIL-HDIH JO
9861 Ul K10A00s1p oy} sem astadans onpewresp Apemonted v
‘Bunjesa(aode mou
SI ‘3[e0s [PUONEULISIUL UL U0 Pamala Uaym AJenadss ‘adueyp
oynuows Jo ooed ay) puv 0661 24?2 ySnoayr sasdyd 1iodax
[12UNOY YOIBISIY [BUOTIEN 9861 24 UL vﬁw&uﬂ:m JI0M JpED
-9p 1SB[ 23 UI SPEW BIE S[{} UL SALIDA00SIp juesrodwr jsow
o1} 3o ouou A[[EIIUISSD ey} JOBJ O} IOPISUO) “SN I0J 9I03S
ur sostadans Auew aq 1snw 010y, L, ¢$018AYd sferrorewt
pue I911eW-PIsUIPUOD 10J P[OY UNINJ Y} S0P Jey

sprarop fo suslyd ayy, gl



128

6L 0avapUT ydupasay AT

(yoavasay WAI fo £sarno)) Burswd uoaroap jpuonusauosun
of aouspiaa Buoazs st 103ffo uonwzrauvnb xnyf aSanu-fioy sy,
. ‘.MNHQ:\\MESE w,,mi‘,» ,r;\“\ gm?: mﬁ .\:::ER wéu.:wmmm Nmﬁtﬁw 13410 UqUpHa SJeLIeU 353U 40 Aueul Kl

ayz J1py 1003 s1 Sura aoruaa ayy ur xngf paddpag ay g Suns oy -AIPNPUOXIAdNS 0} LoNppe U] *S[eLiatew
wynm paddoay snyf atrouSow oyy fo apnyiuSow oys syussasdos snyz  IPIXO X3|dLI0) JO A131eA SNOWIOUI 3y}
24M1IN43S YoV J0 dwnjon YL “ILAISGNS Y7 200GD U0IIDAA] JurIsuoo U UDIUDIR PISNIO) sey Auananpuosed
010 paunsvaw “urod 10y1 10 pjayf amauSpw ayy fo jusnoduwd jporzaa -NsaneRdwal-ybiy jo A1aaosip ay|
a3 fo yr8uaars ayz sauasaidas a8y ay1 ur yurod yova 1w suvyd ‘sespl
ay1 fo o 1ySray sy -arparsqns jp1skanmiu paivdasd Kyowads JYIUIS [PIUBWEPUN MU BUIDX3 03 P3|
D 140 parpotiqrf aioupip ut suoadius 09 yova ‘s8uii Suanpuodiodns  osje sey 1) ‘apis 3ARjsod a3 U0 1nq ‘suon
a4nrpaadiua-yBiy nof smoys oSpuin HauSvw S 6 TANDIL -evjdde [ea113e4d LIPLIZ) 10) 3UI0IIA0
3q 1snuw Jeyy sabusyjeyd jexibojourpay
syasaid spjaly anaubiew o) aels siy) jo
I§ 1353y ("5"¢ unby 996) “1puuew
|BUOUIAUOIUN LP U} J3Y10 LDBS PUncse

Hupiqio sueiap jo sited aney 03 sread

-de yjasu1 s1e1s buronpuodsadns ay|
“aimesadwal

W04 Je sJ01npuod 100d e £ay) ‘bul
-dop [eanwayd £g padnponul die Sia1Le)
abieyd uaym uang “s10jejnsul maubew
318 A3y)—|[e 12 AJDUI3[R 12Npuod Jou
op sapixo asay) ‘els and ady) u ‘K)jed
X0peled ‘$in20 Aatnpuodiadns aim
-e1adwa)l-mo| YIIyMm i SjejaL Aleulpio
3141 J0 3soy) woly JuKIP A1313)dwied sansadosd yYum “SIIWRIA3 A1) 3. S|RLAIRW M3 353Y] “aunjesadwal ool 1e 1np
-u0DJdns PINom Jeyl 15Ixa pnod [e1alew e Jaylaym 1Ipaid A|qeljal Jouued s1spIsAYd ‘djdwexa Jo4 “Huppe} (ns si s|eusiew
3PIXC MU AU U1 AYADINPUOIIINS J0f WSIURYIILL 341 JO HUIPUBISISPUN U TIASMOY ‘SLIOYD IPIMPLIOM BAISUIIXD B1IAS3(

Y 551 se ybiy se sainyeiadwa Je $jwesdd pasedard £|jenads ul paalasqo uaag mou sey Auananpuodsadng
-apesap 1sed 2y} 13A0 SL0Y3 JUAWAO|IAIP PUE Y2IeasH: Jo abues 3pim e paleaow ey “uaboniu pmbi| jo anjeiadwa) ay)

‘safpadoud {e21133]9 pue d1subew [3A0U

A0 3sN [ea12e1d S)1 S0y [e1IURI0d 33 pUe ‘S|eLIAjew Jo Ssep) Papadxaun 4[[e10) & U] AIANINPUCDIAANS O UMM Y|

*y /7 ‘uaboniu pynbi) aaisuadxaut Jo wrod Buijiog 3y) droge jam s3in)
-eJadwa 18 Huidnpuodsadns 3wedaq Jey) sjeuatew xajdwod Auew aaey mou g Y Sz uey Jaybiy ypnw saimessdwa) je
Bui)INpueIadns 3W0D2q 0] PUNO) SeA SIELIBIEW IWRI PIX0 J3dd0) J0 Ssep> i "apew sem A13A0dsIp BupOYS uasa ‘payied
-Xaun A][e303 B 9861 U] Y 0 UBYY 553 Jo ANAnInpuodiadns Joj ainjeiadwal WINWiXeW B p3JedIpU s101npuodadns umouy
Ul siied Uo1}3[2 Pa|j03U0d Jey) WSIUBYD3W 3y} U Paseq suolJe|ndjed [eaioay | Huljood winijay pinbi aaisuadxa burinbal
113s nyesadwal ey G 1eau ser speyalew buidnpuodsadns Joj ainjesadwa) Buruwi| 3y} Jety) pawaas i so/61-piw Ay Ag

ALIMDAGROIYIANS JHNIVEIdINIL-HOIK




129

‘uoneindurod
wmuenb 1seyenm jo yuawdofeaap ay3 useaa sdeyiad
“S30TASP DTUOLID0[D JO SPUL| Moau A[aanua jo juswdo[aasp
o1y) 01 JueAd]ax Surwiosoq a1 solueydowW wnuenb ur suor
-easdsqo Jo Surueow a3 jnoqe suonsanb reorgdosorigd deap
‘A[usppng “19SB[ STUOIIDXD Y} PUE SWOIL JO SIoqUINU 281e]
JO SUOTIOB[OD JO UOIESUIPUOD UIDISUIT-9S0g IPNOUT BUIWOU
-oqd umjuenb osrdossordew yong Inooo pnod s305330 ons
219GM wjeaL Y] IPISING 2q 03 143noyy usaq pey Aoyl ey
a8.e[ 0s swISAS U I01APYRq [edTURYOSW wnjuenb Affeorsurnun
Jo suoneasasqo Aq papracad usoq Apusoa1 aaey 21ming a3 jo
sosduar[8 axow usag senredoid reanjonns pue feotwayd ajqe
-3JeWST IARY JY] SWOTE UOQIEd Jo sjuswaue.Lie [eorpur[Ao
pue [eoroyds  saqnioueu UOQIed pue ‘sINIYITINg ApPnour
2PBOIP ISE] Y] JO SALIA0DSTP pajoadxaun Appzerdwods 10yI0
‘swoneordde reonoead pue euswousyd oynusros
JO plLom mou afoym e ajedidnue ued om ‘sanosfout [eordoorq
woxy uaad sdeyzad ‘sypoyq Surpymq xapdwoo s1omr pue asouwr
woy samonns xo[dwos A[Sursesdur s[quIasse 03 Moy ULLa]
om sy 11 mouy am se Sunndwoo puokasq ey 08 £Joouyday
pue asusds yloq ut sasn ferusjod aoy) ing ‘syuswspe Jur
-mdwoo Jo monerdsuad 1xaU 34} 10§ SAJEPIPUED OTB SIINIONIIS
953U, 'SWOIL [RIOJILIE 331 dA_YRq A9 JBY] [[PWS OS SOIMILI]
M PIT2IUTBUS ‘STYIYILYW QIUNLINYLS ATTVIDIAILEY E<
SurB1awo s1 Ayrxordwoo pajedoyueun jo pury WULIIIP

sporioIp fo soaskyd ayr g



130

L7 40aDapUg youDasy oYL

(Kopyog vrwifins fo {nsaaarug wyr fo
Lsa1n0) raunronas wads sty Suipryng suof
STIOMDA UL JSIXD SAGNT YOS " AYNIOUDE UOGAD) D

Jo soriour ay Jo papows seandiod v 175 HANDIA

NS Joj
32iid [3GON 9661 2U3 papieme
318M 1N 11340y pue 004y
ploieH Rajjews preiiy Gaeasa
U} §0 UOLLHUIIBYY 04

“5JUUOdLI0) JUOLII ;BYI0
PUR $21iM 9|RISOURY JO JUal
-dojaasp a1y 01 saydeordde fuy
-su104d 343 Jo duo aq 0 1eadde
spu>asay] SSAMANG pajed
SAWNRIWOS “s1apu ) padder
3PNPUL 6) UMO) OS[e AOU dte
OGBS JO SWIOJ UL} 3Y).

SIPIKO
10ddoy passaoasip Ao sy
g Aue passedins sampeRdus
[RIID YUM SI01TPUOdIIANS
U1 LIS S SIL *S[eIau 1je[e Se YIS SIUGP AQ SUODI}S KM padop aq ued ¥y Jo sia)
~§11|3 1RND3[OW JEY} S| 9{eYIRWAI 1SOW BU} JO BU() "PaIar0sIp iam safnadord buneunse; jo
13Giunu e pue 13110> UsA0id A|jedriewelp sem aingdnas pasodold aly)| pawogiad ag 0 SUBL
-1130x2 J0 A131eA 3P1 £ BUIMO]R ‘PBZISALUAS LOOS 3IM LIOGIE SUIB{N; JO Sjunowe 3Bie]
“[jeq 4005 @ Buiiquiasas an1NS © oy 19iaboy
pashy s BOGIES WoTe-g pue - 46 3pew 5ty ) 30 yeu) 51 subisap a5yl jo Jsaldins ag|
“19][n4 Jorsuiunpng Dae 3uy Jo subisap awop (sapoab ays uy vonesdsur s pey s)sNP
10 558 51110 pasodojd A3y J1jow [eINIINIS By "SWOJE UDGIE JO sIAguwnu Mbew, dypads
12332 K| PIuIeIU03 JeN) 3pew 3G Pinod SIANSNI AE[I3OW (WJ(3L) Jo inssaid [ened pajjon
-0 e ynam a3ydsowne ue vl 3yydesd o uoie|ge Jase]) SUOIIPUO LIB1ARD JIPUN Jey) purioy
SISUIS ‘30uds 18)j3ISIAIUI Ul PUNOJ JeyY BXI) uogIed snoasel ynm BuIoM ajym cgsL U

‘pauaddey sey 1eym A|Lvex 51 38y1 3PEXap 1se] Al ke 131, “sonsadoid djgeyewal alow 1L YA
‘9pELL 3 PINOD SAURINLS UOGIEY JO SB[ ABAR[ IBYJ0LE 1yl pajdadsns ALY pinom 3uo oufjua)
=34 nun “anyde6 Jo Aupgn| 3y) pue puotuelp 4o ssaupiey Y1 se yans ‘sssadoid ajgeyewal
113y} §0 3sNeI3q S|eUIeW P3sh A|IpIA 3S0W 3y Buowe aie UOGIE) JO SULI0) JUDIAYIP 353Y|
“uoged Asse]b pue ayod se YINS “SUL0} 3)GLISEIAU JAYI0 10 IBGUINY B ) ISIX3 O} LANOLY OSjP
13} "alydesb pup pUOLIBIP ‘SULI) JUNRISAD BGRIS DM 51 1G] UMOUY oM ST LOGIED PIOS

SINIYITIRG

{sorspiogoT sorosapordo LIN fo fsapmos) uvde
w gS7 Magn a4 43K0} {02 UM $30p Y1 puv ‘W §9 1mogn £g panandss
2up S42KDY MY UDYT YIDIUDG SPANIINIS [DULDINY POSOI0N-1yEY] a2 puv donfins
21 40 schuang Y1 240 SI0P AL, ADLSGNS SY DL O ud Sod0] 0pnBas 22443
ut umoa8 syop wnguvrnb syoouf fo k. paiapio poziun8io-f1as v 9'€ I¥NOHIL

oy

"133JJ3 {[RH WIMuenb [euor}yel Y1 Se NS
‘110d3J $1Y1 40 SUIYIS 5430 Ul Pa|IRIdP SJUBLIYSIdLIDIR BY) Jo Auew 104 paLINDAI sjRUBIEW
PUE S3ININIIS U3 PA|GRUI UING U) 3APY S3ILRADE (d150]0UYYa) BS3Y| "SUOIIEDILINIIWIO? PuR
Bugnduod Uy sadueape sofew aspoad siip siaderd ysip 1eduiod pue sauoydape) sepnpd
2 SIUCAIBNR IDUNSUOD YIRS U SMOJINbIGN MO 248 SDIAIP 3SDIE} J0 JuIog 1ydo Aes-x pue
‘seuazew aueysisalolsubew Juelb ‘S1ase| 1013npuodLIdS ‘SIoNsIsuRIl SHjIgow-uoaI[d bl
ButpnpuL‘s331A3p Mau AUBLL JO UDLIBZI|E3} 3YL P3{(UR JABY SUMIINIS Patake] AjeIyIy
“etidwiouayd 32e4ns Apn1s 0) moy 1noge bunuiyd no pabueyy Ap1e)duiod
ey 181 sa)dodsoniu aqord BuluLeas M3 33 Buisn S133J3p PUR AUNIINIS DS PUE )6y
-40s J0 U0{EDHNI [3A9}-o1uole ybnoiy) paseanu sey Buipuelsiapun Synuans ing yimosd
10§23 UDILEIYIPOL JIBAISTNS PUB ‘SLIOIPUCD Yimall U1 ‘SSIUULRP Paseanty; o asney
-3q 3|qiss0d e sanianus ma “apedap Jsej sy ut ssaibosd anssardun uzag sey AdY) ‘50961
31 Ul wog sem piaty auy) ybnoyyy “saBojoutd3) U2l U S3IURADE OF 3UADS Ut Ssaubod
Buiky ‘uonezieneleyy pue uojiedqe) Joj saibojouyda) buijgeua uo yuapuadap Al are
SjeLIR1RUl PaIMANLS A|[eDYILY "SIt 13y} SIRUILIOP S{RLIRIRW 3] JO SIIRLAU) pue
SDELINS ) UBYQ "HNTRU U] JURJIAR 10U SUNTINIIS 3L S|ELBIELL PANDINDS AJEDYILY

STYIHILYW GIUNLINHLS ATTYDIILEY




131

"yo1easa1 [e0130]01q WesmsuTew Ut $3[01 Joutwt A[pane[ax A{uo
pakerd oaey ey os soojeroqe] soisAyd ‘ssapoyrieasn A8ofo1q
pue ‘Anstwayd ‘sorsAyd Jo uonossoul ay) Je YoIeasal jo eaie
POYSI[QeISo-T[3M © ST STINIITOWOLITIN 40 SIISAHA IHL PUE “sotshyd
ur yoxessar Aq afqissod apewr asom Ara8ums 1ose pue Surdewn
2oueu0sau d3eudew se yons senbruyda) [EIPSW UIDPON
"$IPEOIP JUIDAI UT pliom ano podueyd Arpunoyoxd sey jey;
UOTINOADI DYIIUIOS I3YI0 23 SI ‘$a130[0UYda]} UOTIBUWLIOFUT
PUE ‘SUOTIEOTUNIITIOD ‘S[BLI2)LI UT SOUBADPE yIIMm [o[fered
Ur ‘2I9H "SI0UDI0S [edIpow pue [ed130(01q ay3 ojut sasAyd spe
=1I0JeW pUE J13)JeW-PASUdIPUOD JO JUSWDAOW ] ST UOZLI0Y
ay3 uo syuowdo[pasp JuedIUSIS Js0W Y3 Jo U0 APIn

spoLII Jo suskyd ML T



132

€

100DIPUL

ooy ML

(s ongur pafums fo G1mod) soynaisun
#H
21 moys “jandr Spuocas ¢°g uaxyy ‘sa¥owg uanb
~aSGRS 5452327 [PONIG0 Y31 (pau) aadyds payovyin
fiows 0 v Sutpnd £ sdvys o wp 071 pasiiof
wraq soy spagous ayr (1o dor) a8vwt 154if 2y1 g
WG PRagriun o nopm;os peavatuacnos b ut (118usy
PAYIIIALS Ui SHOWOLM 09) AINIDIOU YN (1 PIOTU]

oy umo 511 Suop Supac amazows

“swia|qoad M
a1ow asayy Buipuersispun o) 1u0d bupels 2 apiacid 01 anug
-UED 1A B3PI Uolidal ayy g sardessoniw agoid Buluues
MaU BuIsn vornjosal ybiy 18 s3depns Lo o mIjowonew el
-011f Jo uonow ay) Buimoljop pue sancwo £ samajowossew
10 uoLjoW 3y) burenuis Audliye se NS ‘aInn) 3y o) Ujeus
-a1 sabua||ey Aueyy ‘BuLdaulBud owAjed pue Kbojoig iepnid)

Gyrusssauvmyf apbuis v fo uonow 3yl §°¢ T4NDLA

-0t 1jj0q uo Yedw 1ofew e pey sey—sdisiyd sjealew pue
19)RW-PASUBPLO Uf IPL I[CUIS B—UoLEId ‘Kerm siy) U
s
PpInoys’Bujpjatu uoiyaful DU UCISNIXA SP NS SizIjod B
-deys oy sassar01d [eLSNPUL |0 BulpURISIAPUN 1IIRY i “|Spoul
01321031 U} J0 SUOISURIXS MU PIRINUINS SBY JBUL0 {283 LAIAY
s9 1ajow Bua| ayy Jo yuzwajbueius ay Aq pareutwop osie st
uanou 3soym 'siawisjod uatjow Jo sarjiadoad soj 341 Bunip
-3l AlyLI0M3)0U 058 38 UG|AU pue aua|Ay1aKjod x| sauLod
ISYIUAS ‘ojejowonew Juepodwy Kjuo a3 Jou st yNg
*YNQ 40 SYIBUD] 1LIHIP J0 uoreiedIs JIDIYR Joy
piay paijdde ay1 jo uoneniea wnwndo dy3 bupaAedsIp e ease
SIY3 uISjustupsdxs pue A109y | Sap2ISY0 YIS WOL S3 N33|0W
3Y3 a3 07 503y pf3L 21332 paijddde dy1 Jo yibuars ayy bul
-h1ep, “Aapnd e sono Buibuey ados e | way) puncse Buidoo]
‘s3pe1sqo 2yi1-150d uo 1kne) 136 o) pust suleyp Jejniajour
Buoj1ey: smouy Mou am ‘3dLIEX3 J04 *5IMIJOLIOIEW JO Uon.
-otw 2y} Jo Buipueisiapun 1no panoidui Ja1)inj ey U
PaY13 Woa) apew $j36 pajenuls Yim SuUSWLIRAX? 1L:3X3Y
“paLipald e INo1U0 Usko S1 Duoje 30U YNQ YL "3d0dSOIU B YBNOIY1 PIAIISGD S| HONOW S} 3|ILA
YN J0 2N3[ow 3|bus @ U0 Hn) mou Ue> $13233m) [2311( "PIAISSYO 9 J0U PINAI SIINIJ|OLU [ENPIALIUL O SUBNOW 31 Auadal nun
10451824 AYUIM] JOJ [E1512A013U0D POUIRUIDI [POW [E3131004} 1| 'UOLIL)daI Pa1|2> U010 3XI|-3HeUs B Ul SIN0JU0d MO 1Y) Buoj2
apifs 01 wiay) Au0j safbue) ap ‘jab e YBnoli) 30w YN Se YINS SAMDIOWIOLEW YL0 UYM Jey) pasedald s3uuan ag ‘33
-{OWOARUI P3|[B3 S3|NII|OUL HI|-Uley) Guo| Jo IBue] U3|JOMS-IIJeM £ 31e |9y “|/5] Ul wIlqoid oy} uo }iom uebag s3uuag ap
$3J19-a11214 15PIsAyd uayw: (36  YBNoIy] 340w AJ[EN1I8 SIINIB|IW YH(I MOY INOGR UMOUY SeM 3111 95N peaidsaplia sy alidsaq
-3jdwes ay3 Jo stuauodwod 3y} bujiesedas‘spaads
JU13441p 12 (26 3y1 4BN0IYY SIZIS JUILNP 0 SANXI[oW YR Snd PPRY 3y “patjdde | plat I3 ue pue ‘|eb 1o gefs € o pu3
3uc 1e paveyd sy spdures y "y q 374jeue 03 sisaioydoa1a(2 (9B pa|[e anbjupal e buisn uo spuadap Abojolq ejndajow ul ssoibolg

SENZFIOWOHITH 0 SISANS KL




133

% 'SOAT[ ano [[e aroadwy
ueo jeyy santiqedes pue siydisur Surptaoad jo uonoeysies
Y1 YIIM 28Pa[MOUY UBWINY JO SISHUOT 3Y) I SUOTeSTIsaAul
JO uomEMWNS [NIDI[[2IUL Y} SaUIquiod 3] *astadaaiud oyn
-USI0S Y3 JO SPPOISSOId A1dA 211 Je playy (el € st sorsAyd spe
-LI9JRW PUE I3} eW-posuspuod ‘a3ensny[r sojdmexd aso1) sy
“asudwwy 5q 03 A1
218 suonn[os Iray) Jo suorjestdur oy ‘soduareyd enoayoiur
mau Afaanua Sursod axe swajqoad asay L “swaisAs reardororq
o sotsAyd oy Burajoaur swajqoud [BITILID SA0S 03 5[00) MaU
asayy asn 01 uruurdaq 1snf axe sysULIS “PLIOM ) punose
SI91US0 U] “IOYIOUE BUO UO 3I9X2 A3} TPy} $010] 913 2INS
-EOUI 01 UIAS pUE S[[20 [e2130[01q OPISUI JUIOP 24e $I[NII[OW
a8.1e1 1eUyM 225 01 A[[PT1I0R SN MO[R 1Y} SYIZIIML TYIILAD Pue
sadoosoiotwr 9qo1d Suruuess se Yons SIUSWNIISUI SALY MOU
om “08e apeoap e saniqissod yons paurdewr aaey Apprer
pnod am ySnopy -afueyod 03 noqe st wonemis :E—H

spprampw fo soslyd ayg

174



134

114

JHONDIPUT YOUDISRT Y],

(-Cnsanarugy uoeouLIg
Jo &sorimon) anosjows

aoens ssejf
O} paxi} YNQ VN 241 $9Y212.418
puD prag 3yl sanowt

J dnay assp) a1 Sunisnipy
2y 8y 4050) Bursn

VYNd paddpaz uayi st pua say10
< e Y1 03 PaYILIID Prag
© deyJese| Ag pray &g v -aonfans ssvpd

Qm.:. peaq 0} paxi} YNG Lpuonis v 01 payo

51 pupas 2y1 Jo pus auQ
VNG fo pub.ils o yo1aus
01,,543200m7 ppoudo,,
Bwsn ¢ 79N0IT

“SYI0M {RUITRW 13U SIY1 Moy buipuelsiapun ul Jo1ae) Jofew
© 5aW033q Hunps pue ‘bunisiml ‘ssaupns yNG Jo ishyd ay) -abessaw it peas o1 dn 1y uado pue ‘g 1ybu
341 100 y1d ‘NG 1y e ploy 0) wiajgesd Biq B $aL03aq 3| "SNapNU |33 3y} jo dedS ||ewws 3y} 03U} PIpAOD
VNG 341 J0 21 3[311| Y6t 3y 3snf puiy Isnuu 192 Yoea 1ey) sueau siy| “Apoq 3yl Jo 1531 3y Ul 5|32 Jo sadk)
13y10 bupjew 10} 3p0d 3y) SUIRU0) 1522 3y [ *}f32 3(Buys Aue uf pasn A(jen1oe s yNG sIy1jo 1ied jjews e Ajug

“oy Jad sajiw 0000

UBY} 19)se} 3181 B 1 YNQ MU Bupjew s1 sn Jo ypes ‘Uondnpoidal 122 Jo 31 |BWLIOU Ji) Y "SI} UoI[jIL

© 1j)183 3y} punose Yp3ans 0} ybinoua Apoq uewny 13d YN JO S3jIW 0000000007 INGYE 0} Sunowe

sIU1 924236031y )12 0L AuBnos s,Apog ay) Jo auo AiaAd Jsowife uf :edijdnp ul pasols s113s [Iny Ay “elep
Je|moajous Jo ,siied aseq,, uoljjq  sey (duiouad uewny ayy) buiaq uewny e 10y apo3 d1auab anua ay|

“3fgo [eIURYIBW B S SIB YNG MO Jo A109Y] B 1S3] 0 3|qe a1am A3y1 ‘3|nJ3jow 3uo Jsn{ 1e Bupjoo] Ag

“YPIAS U JJRsH, Huins, 3y yHrens si 11 duo Ing pauybiens buraq g sayprans 11y YNQ 18y pasmoys

SIaYD1easal 3y 191er Jo doip e Jo JBIam U1 YIUOI|[IL B IN0Ge A|UO e PaIInba 33104 3L 00} J1 %I0M JO
JUNOLUR 3Y} ANSLALW PUB 3j133J0w yNQ pajduwini £|(ewwtou 31 ybleis |ind o) 3jqe a1am SISUANS ‘566 U)

*3|NJ3|0W 31 YP32A1s Ued nok pue ‘Y6l u1 aAow“Pu3 Jay1o 3yl x4 “3de|d ul 3jmajow

241 pjoy ue> nok pue ‘Jybi 3y 3ulys ‘pueis a1 o pua 3uo yid by s Jase| e Jo10ds 3y o) parrene g ued
YNQ JO PUBIS € 0} PAYDRLIR Peaq Aun © 12y} 1N SUINY )| 086 | PUNOIR PAJUIAUI SeM ,Jazaam) [ediido, 3y |

“S13733M) AZI5-9)Md3[ow Jo Jied e paau nok “YNQ J0 3majows e £jjea st buris ay

U3LM £11 Ploy nok pjnom Moy ‘11 aaoul pue dn 11id Jo ‘YiBua) s1 aunseaw ‘Yibuans 11 1531 0) pajuem nok
asoddng “buoj yuj ue o yIpueSNOY1-U3) B pue SSODR KUY LR JO YUI|Iw-U3) © 51 Jey) buuis e autbew|

SYIZIIML T¥IIL4O0




135

-Kan3u0d Igg 21 jo sedes 1ea1s oy Jo
QU0 UD0q SBY $5900NS S1] "sadULAPE 0501} 10§ Suruurdiapun (e}
~uamepuny oyl Jo yomu sopraoid KFo[ouydal pue 2oudIds Yloq
Jo sxouody oy paemaoy Jurysnd ‘sorsfyd srertarew pue xa33eWw
-pIsUdPUOd UT Y2Ieasay “eudwouoyd pojeor-s[erajew pue
STerIaYew Mou ¢ po[qeUS Uaaq || dArY osuajap pue ‘A81aua
‘uonjeyrodsuen) ‘oumipaw ‘Supndwod ‘SUOHROTUNWWOD Ut
SPOUBADPY "ASO[OUYD2] UISPOWL JO 11edY o3 I $o1] $o1sAyd spert
-91PUI PUE 19]1LW-PISUOPUOD JBY} Sajejsuowap J1odar sty
‘prIom mau sy ur Ladsoad suoneu sy ulinsus ut ofor
reroatd e Aerd [[im so1sAyd sjeriajew pue 1913RW-pasuapuo)
"PRILOYUOD 3¢ 0F PIJU OS[E [[IM SIOMOSaL ATsous pue “TuowToT
-1AUD 3} ‘AJIND3S 0} PAIB[IX $ONSST [EUOLIEN SIOUBAPE OLJ1}
-ua1os ponunuod aambaix [jm £[2a100330 1500 wayy Suisseappe
pue sed TeAq P[OD S JO 3SOYI WO IAFIP SOFUI[[EYD [RUOHEU
~I9)UT MAU 3SOY ], “SONSST [EJUDWUOIIAUD [8q0[S pue ‘$901n0sar
or8atens zayio pue A310us 10y uonnodwod Jo1uod AR
[euotSox ‘vonnadwod d1Woueds woy JuISLe SUOISUD] priom o}
puodsar 0] Poou [[1m SO1BLS PO 213 ‘AINuad 3xau 3y U]
“uonaduod dSIeU0da [eq
-0[3 paseaIoul pue $a2IN0saL pautenisuod jo dorpspeq siyl

sypriopy fo susyd syl o7

1surede Jas S1 SOISIDATUN O} PUR ‘SI1I0JLIOQR] JUIWUISA0T
‘Ansnput Jo gy ur sajox aeradoadde a3 moqe oreqap
QYL (R wWi01-FUuo[ UT SIUOWISOAUT I19Y) Bursearour aie
SOLIUNOD 12(I0 AUPLI AW} SWES Y} IV "20UI0S 10§ 3a0d
-dns [eropay sopnyour Jey1 A10831e0 2y ‘saanyipuadxo Lie
~LOr2ISTP 31 JUdNPII ST juowuIoaod g Y3 ‘198pnq eIs
-pay a3 aduereq 03 aanssaxd opupn seousms [eorsAyd gy
uT SIUDUNS2AUT (RY wrd)-3uof 1213 jo adods pue o[eds oy
y10q padueyd pue aoejdiasprewr [eqo[3 mou o1} JO SAIII[EII
11 01 parsnlpe aaeq—Amjuoo ey 3sed oyt 10y Aojouyosy
UDATID DABY JEY} SOUTSUD 3y}  S21101RIOqR| [PLUISNpUT 18218
2y, -28ueyd pajuapavaidun FuroBropun ose st 20UMIOG
“aamyny 1no 10§ suonesydur punojoid sey a8ueyo
antseasod pue prdes jo v1o sy, 1y8iy Jo paads oyl 1 A[[eson]
priom ayl ydnoayy Surededosd st ‘suoryeu padojeasp ay3 03
pauyuod souo AJojouray 4ty -ssoureard jo sojowroreq oy
se y18uons Axeyrru uoerdan st duams orwouody “ssouisng
Burop jo sAem mau o3 3depe 03 ur88nays axe swaishs orwou
-009 pue [epog “aoede SANURUOD UoHN[0AdT AJojouyos) uon
-ewwrojut o, SurBrowa st Awrouods (eqo[d v -popus

seq aep o) oyl -odueyo Aq usseys priom e ut aary oL ¥ &

sduey) Jo eI Uy - ¥



136

[z 2Bupy) fo vug uy

(€s03040q0T ruonpN sunossy fo £sa1.m02)

-saauands ButdoutSua pup ‘[pnSoorq ‘SppripIoWw 21 U1 S4dsn fo
spupsnoys 03 sarunzioddo yauvasas paruapavaadun apraosd i ap Lapionf
Apa-x u0430440uss nfromod 1501 $,U0LIDL Y1 ST 9661 UL PIUOISSTUIUIOD
“K107040GDT JPUCIIDN JULOSIY 1D ADNOS UOI0Y] POUPAPY YL TH FANDIA

—epuny ‘wt1e1-8uoy woiy Aeme satiojetoqe] [erasnpur toleur o
30 1314s a4 L “9j1 Jo &upenb mo soueyus 01 A1[Ige panURUed
)1 pue pay ay3 Jo Afeya aamng oy Surmsuo st sagusreyd
3saty3 Suowe jsowa10y "so1sAYd S[PIIDIEW PUR 193JEUW-PISUDD
-u0o 07 saduorreyo jueoyrudis Suriq [[m AImiued 181z 9L
-0e sapeoap may e isnl paurdewr UsAd Jou S1aM 1BY)
santiqedes euonenduioo pue [prusuIadXa [IIM patTe pue
9OUDIHS JO 1S3 AU} (ILM pue ANSNpUI YIIM pajoautod APpsop
asow Ajrumwinod sotsAyd sjerisjer pue 19))BW-pIsUSIpUOd
e mopeysaio} syuowdofanap 5oy L PRl AU} JO HOURISADS
o) pue onoead 2yl Y10q PAWIOJSURT) SEY ‘SIDMOS TONTIU

pue uosjoxyouds nyssmod o7 sodoosororu uonmiosaI-onLole
wWo.y ‘SATTIORY [eUOTIRY JO 20Ua8I10ws 9], "98pa[mous] mo
Suroueape 2nUUOD 03 AIBSSIDIU S[[1S ISIIATP PUE SIOANOSII
1) O[QUIASSE 0} [BIIUISSI OW003] dALY A.(SNpUl PUe ‘SILI0}
~eI0qE] JUAWUIAA0S ‘sonIssoarun duowe pue soupdsip ssome
sdrgstounaeg “sorsAyd ze[nosouwr pue drwole pue ‘9ousts
srerrorewt ‘Gurreeurdus “Anstuays £8ojoiq se yons ‘sourd
-IDSTp 15110 YIEM Sa0BIIAIUL AU Je opewr Buraq uayyo ssaxord
yum ‘Areurdsiprojur Ajgursearour Furwoddq ST 3T SUOTIDAUIP
JueiIodut [2I9A3S BT SUIA[0AD ST soIsAyd S[eLmIew pue Ja13eur
-POSUSPUOD JO P[A1] S} “WNTUUD[[IW MIU I} JAIUD IM SV

(IIOTLYWAS/TNAS Jo (5224100 “0g$ 7500 pup somnuius O 4v1 mou pnom
OostoUbAY UDS 01 0K MaN woaf 1ySuf v 20 swps 1 10 padoppaap poy 1pdap
1 -sorvs avpruts 1 D 20§ duwion o011 431410 fo sappgodnd YL

saspa K1poars paonpoad swmnjoa ayy sv w0k sad 2408 <z £q ipoars Suypnf usag
spy (S Y H@) Sars0waw $50300 wopuv.s dtunudp fo 119 4od 01d 4L [y HAADIL

) 2uinjoA oA

TLEUSY

. 00

T

T

2861 9861

[ J
LB

(SYURDFEN) 3161 40d W

TmrTTT

T




137

uoINau se seare yons ur syuawriadxa 10y sonoey tofew uy
JUOWISOAUT PANUIIUOD dUMbIT [[TM ‘SPIaTJ OTIUSIOS 12430 Auet
ur se ‘soisAyd S[eravlew pue 19112W-pasuIpUod Ul $sa1do1g
“aIning oy jo sodusreyd
343 100U 07 5N SI[eUD PUB AU 03 AN[Iqe SUOLIBU OYf3
sanasaxd jey) Aem e ur depe 3snwr wogsAs oy nq ‘apew aq
ISTIUX S9OTOYD PIBY 1Y) ULOWL SAOINOSAL PAUTLIISUOD) "WISAS
(1Y 91 Y3noa1) $2AEM Y00y SUIPUSS 2B 18y} SIUIBLISTOD
2010821 YY) 911dSIP YSLINO[} 03 INUTIUOD s 3] "$Aojou
-yo21 y8noayyyearq urdopasp 03 Ay oyl st vonesouu]

(Kaoaasoqor | pouonron a8pny ¥vo fo £&s0m00)
wisnouBpws 01 Knammsuas anbun s uosnau Y1 Sasn 10y3 Juoudadxs
up 10f pa.unSifuon Suiaq si auoy umoys 410w0.102ds SuLd1IpIS U0INIY Y]
*u011onpod adog0s1 pun Y2UPISIL SJOLIIIDUL 40f SWUDOG HOLINIYU 2)PIS-KPDALS ASU Y
1sow s,uoru Y1 sapraoud s01vy adorosy xmpd ySIH YL BE AMAOIL

sppraw fo souslyd ayr g

(-uSodwoyy
-0uDqaN) 10
stoutgyy fo Kusuvatup
ayy fo £5074n00)
“SAQST [DUADIND
pup pouLaI Y109
07 21gD1PAD UODY
-uawndpsut fo £1a1iva
apim b apnpuL
uarfo sagupionf asoyx
soishyd sypradow
pup 2onDU-pIsUIP
100 w1 $824804d
PnuIn0d 03 jPuISs3
ALY D

UOUII]D UOISSTUSUDAT
s141 50 yons sonponf
Joonkpuvoiy

£V AANOIA

‘Kypiqisuodsar [eruawuIoA0d SIiy) Jo Wiy pue
3[20s Sy AUTWLINAP 01 APOMNb sa0wr Isnwr woneU NG “JuSUW
-u12408 U0 AJorenbs yoxeasar yons jo 310ddns 10y uspanq sy

20e[d uonnadwod droUd? [BqO[S JO SII[EL Y3 U ‘PIP
20UO 11 STAI] a1 Je Yoxeasar orseq roddns ueo 1e3uof ou A1y
-snpur 's'n 31 "sonpoad mau ojur pazerodioour aq 03 sadUBAPE
dIIULIOS [eJudWEpPUN] 10§ paimbar aut 9y Jo osnesaq ‘sopeo
-ap 10§ ruaredde swrooaq Jou Kewr 351ys sty jo yoedwr orwou
-009 041, “suonesrjdde ojur YoIeIsaI JO SJINIY YT WAOJSULL)

01 A1rqe 11 pue amoniselyuL SynuaLs suoneu a3 ut ded
JuEdTUSIS € SIALD[ $20URDS [eorsAyd a3 Ul Yoaeasax [ejudwr



138

67 Bubyd fovag uy

‘priom Furdueyd
mo Jo saduo[[eyd Y3 199w 03
sfem mou Surpuyy ‘Knsnpur
PUER ‘S3TI01RI0qE] JUIUUIAOS
‘sanyIsIsATUN Jo syduans
anbiun ay1 uo pmq o3 pasu
mm Arunwwod sotsAyd sre
~119]BW PUE I3}JRUW-PISUSPUOD
oty “astwoad sty3 [y oL
“Kmauao 1xou ay3 ut sydnoayy
-¥yeo1q Areuonnioaal jo
astwoxd ay3 ano proy (s1y81y
-y31q may e asnl sureu 03)
sTeLejewONq pue ‘eudmouayd
wmuqmmnbauou ‘Guroourdus
wnjuenb ur syuswdojaaap
M3U ‘SIAT] N0 padueyod pue
Awouoos ano pausi8uons

SARY JOSE JBIS-PI[OS 3] pue

‘10qry Teonido oy “101sISURI] OY3

“porauazod a1 321034 03 1€ BADY SNUIAOISIP PUD SUOL
-opunaf mau 07 Suipva) saouvapy porusuppunf 1mas 150w 3y pryf suga ut 240f
Surnnap jrfasmod v s1 suonppunaf puv Ciaavasip uvamiaq Lojdiajuy fom-omy 3y,
“Cwouona pouoipu a1 fo w0135 Kiana Konraza ui sarSojoudal ySnoujiypaiq pajqoua
200y 2anSif swy1 ur unoys sa4PM00STP 23 “SoNSKYd SpPLEIDUW PUD 4IIDU-PISUIPUOD fO
suonppunof sy &g parioddng “syivd ajquimpasdun smopjof uarfo puv sapposp ayv1
upd s1ompoad mau ot SooupAPD Mf11ua1s sofpw fo uonpiodiodsur YL §'F TYNOIT

i N

. (rvgn) ppempunssadng ) . IR (a6) wpesng fer
! ) (£T61) Waroagg
i (voe6h) o amey ey
{eyg1) oty (S261) UG umpragy
{S0e6E) sty W
(651) ) popeaiopu SIS 0K
(50661) Atnasnogy Wy
Geigl) (086 Honapesg e
(oL TS S
{S0161) uonenduin)y
(60867} STEHpY ABIGade]
oy
- tsaL61) A0y dnoagy
(986T) Aypaponpuoaradeg .
Ria! (S0361) Sdoasoanly
Tupiun Guwudg
os61) e TRy, (S9861) SIS UONY
PEpL)
.
N Egswa suonepunoy

pue 20uars Jo uonerdour
QATIOIYR 3] aInsus 01 pue
$90IN0S2I FUIISTXD 9FLI2AI]
01 Kusnpur pue ‘sa110JeI0qe|
JUAWUISA0S ‘SATIISISATUN
Buowre parmboaz aq [[1m won
-exodooo pasearour ‘Afreuny
*20UB[OS JO uon
—ezI[eUOTIRUISIUL 33 JO J0edurt
pue 5[o1 3Y3 18 A[250[0 d10W
3[00] 0 pue SIANRHIUL IBY
1930 10§ 9SOY} 03 2ATE[21 $108
-pnq 12y} AJ[njoIed 19pIsuod
0] SN 2310] “TOAIMOY ‘SIVITIOR]
a8aeq jo 3500 Teuonesado
PUE UONONISUOD A, "I0USIS
[PIuswuoaAUS pue A30[01q
[ernionais se yons \wHO\rNDﬁQU

121I0 UI $192UISUS PUE SISHUAIDS JO SPULSTIOY) IAIS OS[E 43U}

sejsnp ‘sa[qeud 31 ASojouyoay a1 pue so1sAyd sjertajewt pue
101RW-pasuspuod 10§ Ajjunizoddo sea jo exs ue 208] oM

*s318070UY 2} UOIJEULIOJUT PUE UOTIBITUNWTIOD

wopow Aq pajeiIIoey aq [[Im SUOMOLLLIUT 9591 L, “ASo[ouyoey

“Kyranunmos so1sAyd speriatewt pue 1933ew-pasusapuod 3y Aq
Lquewiad parsoddns pue padopasp ueaq aaey Loy ySnoyl,
*$2LI01LI0GE] [ENPIAIPUI UT S[qRIIeAR 250U puokaq ey saniqeded
ap1aoid SAUI[IOL] 9SAYL "UOPIPRI UONOIYIUAS pue Burioljess



139

("plIg SUISSBA JO A5214107))  UOGDD [0 uidof wou p ‘Sauaiajnf jo Kidao:

“SOIRIS PANLL) OUF 3O SS2IBUOY) B AQ SOOUDING JO

AWoproy [BUCHEN] 91} 01 PIUERIT 20158y 34 1apuin Sutrsado
1B “JIOUNOY) YOIRISIY [WUONEN ) PUR “DUIMPAIN JO dN3Nsuf
ot ‘BuneauiBud Jo AWapEIY [BUOTEN o1 Aq pue Awopesy
ot &g panssi spodaz ay) ystqad 6) $92U198 Jo Awsproy

m N 291 Aq POIROD SR SSOE] AHapRny [RUSTIUN 91 1

SSMd ANAAVIV TYNOILYN

AU AOf AD[IDUIS PADYILY PUD "IN 14IGOY ‘0104

PIOADEF O UdALE SDM (Jyfind) aziac Lpsuuand 2y ~c-wnfoy w {upangfeadns fo £12a0051p 0315 10f HOSPIYITY 12qoYy puv {f010450) STBNOCT 20} prancy

0] uaAlE o (1for) aziad sopsdyd aiyp 140dad STy UT PISSIISI SDID UE YADISAL 20f PAPADND Y04 24 LisTuayd pun sa1s4yd 10f sozied 12GoN 9661 Y]




		Superintendent of Documents
	2012-10-25T11:01:29-0400
	US GPO, Washington, DC 20401
	Superintendent of Documents
	GPO attests that this document has not been altered since it was disseminated by GPO




